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COUNT RATE METERS 


relate! 


DECADE SCALERS 


N-701C 
LOGARITHMIC COUNT RATE METER 


GENERAL DESCRIPTION N-230TP 


Designed specifically for direct counting of pulses 

resulting from nuclear disintegrations. There is a N-220 DECADE SCALER 
maximum-count limit switch that may be used to 
activate an alarm system or other external device, SPECIFICATIONS 


that will signal the presence of excessive radiation. SCALE: 10, 100, 1000 


RESOLVING TIME: 1 microsecond 
DISCRIMINATOR RANGE: 50 to +100 volts 
PECIFI ' 
te cae ALTERNATE CHOICE OF 
HIGH-LEVEL INPUT: —50O to +100 volts LOW-LEVEL DISCRIMINATOR: —0.25 to —5 volts, for GM use 
LOW-LEVEL INPUT: —0.25 to —5 volt PRESET TIME: Mechanical timer with one hour capacity 
RANGES: 1 - 1000 cps and an accuracy of +0.1 second 
, 10 - 10,000 cps PRESET COUNT: 10, 100, 1000 


100 - 100,000 cps TEST: 60 le 
1 - 100,000 cps a 


OUTPUT: 10 mv for recorder 
LINEARITY: Better than 1% 230 DECADE SCALER 
STABILITY: 1% per day (after warm-up) ag 
SPECIFICATIONS 
N-730 SCALE: 10, 100, 1000 

RESOLVING: TIME: 5 microseconds 


LINEAR COUNT RATE METER DISCRIMINATOR RANGE: —50 to +100 volts 
ALTERNATE CHOICE OF 


LOW-LEVEL DISCRIMINATOR: —0.25 to —5 volts, for GM use 
SPECIFICATIONS PRESET TIME: Mechanical timer with one hour capacity 
and an accuracy of +0.1 second 
RANGE: 9 full-scale ranges 0 to 10, 20, TEST: 60 cycle 

50, 100, 200, 500, 1000, 2000, 


5000 cps, covered by 4%” front 
panel meter. 1 microsecond scaler OPTIONAL EQUIPMENT FOR 220 & 230: 


extends the range by another decade 
(50KC) L-F Timer for preset time or elapse timer 


ACCURACY: +3 division on 10 mv recorder with positive high-voltage power supply 300 to 2500 
a scale of 100 divisions. +2% of volts 0-1 ma, .01% regulation line 
front panel meter reading a plug-in, non-overioad amplifier with RE clipping, 

STABILITY: 12% per day gain 0 to 250 

TIME CONSTANT: 11 time constants available between 
2 to 80 seconds 
INPUT SENSITIVITY: Low level —.25 to —5 volts 

High level —50 to +100 voits 


FIELD REPRESENTATIVES PATTI er 


Raytronics Company W. A. Brown & Associates 
Marblehead, Massachusetts Alexandria, Virginia 


Indian River City, Florida cantenset Cale : ; 4 ° ng? 7 e 
pares Huntsville, Alabama ' - This Informative, Elec tronics q Oe Ine ° 
rossiey Associat 
Chicago, iiinois - WASHINGTON | Short-Form i 
Dayton, Ohi Paramount Agencies P. O. Box 531, Princeton, N. J. 
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St. Paul, - Seattle, Spokane, Wash. Catalog. 
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Earl Lipscomb Associates as E. Ransford Co, 
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MICHIGAN | McCarthy 1. 

Ben Z. Rubin Co., Pasadena, Palo Alt 

Detroit, Michigan San Diego, California 


tp Babe igec 2 bang EXPORT DEPARTMENT: 202 East 44th Street, N.Y.C. CABLE: Henleysale, RCA Teletype 210, N.Y.C. 
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MARINE PROPULSION SYSTEMS — ~ 


STATIONARY STEAM 
GENERATING SYSTEMS 


RESEARCH, DESIGN 
AND DEVELOPMENT 


me. HEAVY 


COMPONENTS 


Some Of The Major Areas In Which BaW Is 
Contributing To Nuclear Reactor Development 


From fuel elements to complete nuclear steam generators, Babcock & Wilcox 

is actively engaged in all phases of nuclear reactor development. 

A skilled staff of scientists and engineers, specialized production facilities, 

programs of research for nuclear applications, together with long experience 

in controlling heat and pressure for productive purposes, have combined to 

establish B&W’s position of leadership in putting the atom to useful work. 

B&W recognizes that the development of nuclear 

power challenges industry with unprecedented, com- BABCOCK 

plex problems and is contributing to their solution— 

and to the Free World’s progress and strength. The & WILCOX ATOMIC 
Babcock & Wilcox Company, Atomic Energy Division, so 
161 East 42nd Street, New York 17, New York. AE-60 
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General Plate 


Can Help Broaden Your Materials-Engineering Base 


For 42 years, General Plate has been a custom-type metal fab- 


Yolifeme) a @ir-le 


REACTOR 
METALS 


mill products. 


These General Plate Reactor Metals are available in plate, sheet,strip, foil, wire, 
rod and tube forms. 

Zirconium fabricated as required for structural material in boiling-water and 
pressurized-water reactors and for fuel cladding material, heat exchangers and 
reactor vessels. Foil is rolled to .0008” minimum thickness, 8” wide. 

Zircaloy II and III fabricated for fuel element cladding and for reactor structural 
material. Also strip parts for shim, separator and spacer stock. Foil is rolled to 
.0008” thickness, 8” wide. 

Hafnium fabricated from crystal bar to finished plate and wire. Process approved 
for Navy-type core manufacture. Control rod plates rolled to specifications. 
Tinamel enamelling steel — titanium deoxidized used for expendable parts such 
as cover plates, spacers and mandrel material. 

Niobium (Columbium) for nuclear applications such as fuel element cladding and 
alloying material. 


ricator working with new and unusual metals. This experience 
has led to the development of better ways to process solid and 


clad reactor metals. The result . . . more efficient, less expensive 


Let us assist with your nuclear 
materials engineering. In 
addition to the fabrication of 
mill products of solid reactor 
metals, unusual clad metal 
combinations can be 
fabricated for special nuclear 
applications . . . perhaps 
similar to yours. For more 
information or technical 
assistance write: 





CORPORATION 


502 Forest Street, Attleboro, Mass. 


Boron—Stainless Steel Alloys. This al- 
loy with its thermal neutron absorption M FT A LS & C 0 NTRO LS 


property is available in sheet and strip so ed 
General Plate Division 


for reactor poison applications. 
FIELD OFFICES: NEW YORK * CHICAGO * DETROIT * INDIANAPOLIS * MILWAUKEE * PASADENA 
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A Special Feeling 

“There was a very special feeling 
evoked by my visit to the Argonne Low 
Power Reactor—ALPR makes sense 
you can almost see it installed some- 
where in the Arctic turning out power 
for a remote military installation. 
Maybe it is the way in which it’s en- 
tirely mounted on concrete piers set 
on a slab to simulate permafrost con- 
struction, maybe it’s the air-blast heat 
exchanger, maybe it’s the olive-drab 
diesel-electric set provided for startup 
purposes—but something brings force- 
fully to mind an image of nuclear power 
at work. 

“Tf I sound sold on this plant some 
of the credit must be due to the quiet 
salesmanship of the Argonne crew that 
designed and now operate it. They 
act like they really know what they’re 
doing and feel really good about the 
reactor they have brought to life out 
here.” 

That extract from a letter sent back 
to New York by Managing Editor Dan 
Cooper during his visit to the National 
Reactor Testing Station last fall is a 


good introduction to what is but one 


facet of a surprisingly comprehensive 
Army nuclear power program. The 
aims and accomplishments of that pro- 
gram are described in the 15-page spe- 
cial report starting on page 46. Nu- 
clear power makes good logistic sense 
today; it doesn’t take much vision to 
see these same power packages fit into 


our civilian economy in the years ahead. 


Incidentally, the structure towards 
which our friends on the cover are 
walking is a radome of the type used on 
the Distant Early Warning radar line. 
For the cover picture we are indebted 
to the Western Electric Co. which de- 
signed and built the DEW line for the 
U. 8. Air Force. 


Siddall On Safety 


At last year’s Gatlinburg Conference 
on Reactor Control and Process Instru- 
mentation one of the most controversial 
figures was a young Canadian named 
Ernest Siddall. 
of redundant control elements and 
built-in testing thereof were, by turns, 
praised, damned or half-understood. 


His ideas on the use 


So reported our editor in attendance at 
that meeting. That same editor, re- 
membering with pleasure that these 
same ideas had been the subject of a 
well-received article in NUCLEONICS the 
vear before (NU, June ’57, p. 124) 
and further inspired by the conviviality 
of an ORNL-sponsored cocktail party 
joined in conversation with Siddall. 
It turned out to be a good move, be- 
cause Siddall was holding out elo- 
quently on the subject of how much 
more safety the nuclear industry was 
demanding of itself than other indus- 
tries had historically. He pointed out 
the lack of rationality of safety criteria 
a lack that isn’t surprising since 
human lives are involved. In those 
moments there was born the article 
that appears on page 64 of this issue 
an article that might well be titled 
“How Safe Should Reactors Be?’’ 
We have iced the cake by including 
comments by reactor safety experts 
from several countries. 
The Editors 


Neutron distribution. In 1949, 
diffusion theory was still regarded 
as something esoteric—‘‘left 
largely to experts who are espe- 
cially qualified by experience on 
the Manhattan Project.’’ But 
after assuring the reader that “it is 
possible to go directly to the prob- 
lem of interest and find the solu- 
tion . as one does with a table 
of integrals’’ the author of this 
February, 1949 NUCLEONICS article 
provides him tabulation of solutions 
to the diffusion equation in several 
geometries with several source dis- 
tributions. Still a convenient ref- 
erence—even for those for whom 
the subject has become second na- 
ture. Philip R. Wallace, NUCLEON- 
ics, Feb. ’49, p. 30 Varch’49, p.48 


Nucleonic events. News cov- 
erage occupied a modest 6 pages in 
the pocket-sized NUCLEONIcS of 
February, 1949. The headlines 
in the Nucleonic Events depart- 
ment, as that news section was 
styled, tell their own story: “ Haf- 
stad Appointed Head of AEC Re- 
actor Division”’ (he was the first, 
the Division had only been created 
a few months before), ‘‘ Westing- 
house to Build Reactor for Naval 
Ships’’ (this was the beginning of 
the Bettis Field laboratory, which 
was given responsibility for de- 
tailed engineering, construction 
and operation of the reactor. 
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Coming Features in 
NUCLEONICS 


Next Month 
D.O Reactor Debate 
Detection of Nucleate Boiling 


Project Sunrise 


Later Months 
SENN Reactor 


Special Report on Nuclear 
Instrumentation 


Containment—A Review 





New Team... 


TITANIUM AND ZIRCONIUM 


for your corrosion problem areas 


Chart shows corrosion) 
resistances of zirconium 
and titanium to typical 
chemicals. 
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TYPICAL CORROSION RESISTANCES OF ZIRCONIUM AND TITANIUM 


. Steam jet made of zirconium, which 
has given trouble-free performance after 
a year in hydrochloric acid service. For 
comparison, a throat piece from a steam 
jet (below) is shown after only a week 
of similar service. 


By specifying titanium or zirconium for processing equipment, you can now 
overcome most of the corrosive media which attack other metals. 

Even with such hard-to-handle chemicals as chlorides and oxidizing acids, 
equipment can have extremely long service life when made from these 
corrosion-resistant materials. Problems of product contamination in chemical 
and food processing can also be virtually eliminated. 

Mallory-Sharon is in position to offer you both titanium and zirconium mill 
products for equipment fabrication—plus engineering assistance and 
unbiased recommendations on the most suitable material. 

Titanium is now available from stock in a complete range of mill products, 
may be readily fabricated, and more than pays its extra cost where ordinary 
metals fail. Zirconium facilities are being rapidly increased, and mill 

shapes are now in production. 

For information on the corrosion-resistant properties of titanium or 
zirconium write Mallory-Sharon Metals Corporation, Niles, Ohio. 


MALLORY Ms SHARON 


MALLORY-SHARON METALS CORPORATION +: NILES, OHIO 


Integrated producer of Titanium © Zirconium © Special Metals 
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World-wide design- 
ers, engineers and 
constructors of over 
800 major plants for 
the process industries 
in the last half cen- 
tury, Lummus now 
offers its experience 
for the development 
of atomic energy in- 
stallations. Here are 
some current exam- 
ples of Lummus work 
in this field: 
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Heavy Water Area, Savannah River Plant. Lummus handled design, 
engineering, procurement and construction liaison of this area. 


Uranium Oxide Recovery Unit of the Savannah River Plant. 
Lummus handled design, engineering, procurement and construc- 
tion liaison of this unit. 
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Nitric Acid Recovery Unit 
of the Savannah River Plant 
Chemical Separations Plant. 
Lummus handled design, en- 
gineering, procurement and 
construction liaison of this 
unit. 
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Plant engineered and designed by Lummus for Beryllium Ore sintering furnace used to produce beryllium metal. 
Corporation to extract beryllium metal from beryl ore. 


Below is the high pressure, high temperature test facility, constructed by Lummus at its Engineering 
Development Center for the Knolls Atomic Power Laboratory. The facility consists essentially of a pres- 
surized water heat exchange system and demineralizing equipment. Reactor fuel and materials samples are 
inserted in the in-pile test section for study under controlled conditions of temperatures, pressure, radiation 
flux, and water conditions. 


Pressurizer, main Four loop pump volutes with spe- 
valve, loop block valves. cial cover plates for hydrostatic 
testing. 


This high temperature test facility was designed and 
engineered by The Lummus Company under sub-contract : eS 

to Westinghouse Electric Corporation, Bettis Atomic . 

Power Division. Its purpose is to make criticality meas- : ot um oe nt RS 
urements and to determine flux distributions in water ° ee & 


moderated reactors operating at low power levels and ° am Bes pisetled 
elevated temperatures and pressures. . vos 




















In the not too distant future, large volumes of radio-active wastes 
will be forthcoming from power reactor operations. Great quan- 
tities of this material are now being stored in costly underground 
tankage. We believe that it would further reactor development 
to have a more economical and safe waste disposal system to 
take care of the large radio-active waste volumes. The Lummus 
approoch to this has been directed toward utilizing known 
engineering techniques which require special consideration due 
to the unique problems associated with radio-active waste 

Lummus' extensive experience in evaporation, entrainment, 
condensation, fluidization, material handling and other unit 
operations, is available to design and engineer radio-active 
waste disposal systems of the type shown here 
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Visit the Lummus Exhibit—Ffifth World Petroleum Congress Exposition, The New York Coliseum, June 1-5, 1959. 
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Experience—the extra alloy in Allegheny Stainless 


Spells out 
SERVICE 

in any stainless 
you need... 
when 


you need it! 


You can win only when you buy Allegheny Stainless from Ryerson. Two top names are teamed 
to give you quality stainless, the fastest way possible! 

Allegheny Ludlum is the leading producer of stainless steels in all forms. Ryerson is recognized 
as the top steel service center. It’s a team to bring you the best quality stainless, quick, when 
you need it. 

Ryerson now stocks 2,351 shapes, sizes, finishes and alloys of Allegheny Stainless. It’s the 
most complete line of stainless anywhere! And Ryerson takes the inventory cost from you, gives 
you as quick service as your own stockroom. 

Whether your order is for Allegheny Stainless sheet, plates, bars, or whatever, Ryerson has it 
in stock. Trained salesmen and technicians to help in selecting or in fabricating are at your 
beck and call. 

For top quality Allegheny Stainless from warehouse stocks, call Ryerson. Allegheny Ludlum 
Steel Corporation, Oliver Building, Pittsburgh 22, Pa. 


ALLEGHENY LUDLUMN | 


for warehouse delivery of Allegheny Stainless, call RYERSON 
Export distribution: AIRCO INTERNATIONAL 
EVERY FORM OF STAINLESS ... EVERY HELP IN USING IT 


wsw-7126 
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NUCLEONICS 
iN THE New 
SPACE-TIME 


Mankind is headed for the stars. The frontiers of 
the Universe are... 
What? OK. We'll cut out the science fiction. 

But there are a few projects in the works whose 
scope extends to our immediate Euclidean neigh- 
borhood in space—perhaps even to the inner, 
brighter planets. There’ll be more. Already Ford 
Instrument is working on nuclear power-plant de- 
signs for artificial satellites; so it’s not too early to 
start thinking about the qualities you are going to 
want in a firm to assist you in your part of these 
coming space projects. 

Ford Instrument offers a unique blending of nu- 
clear and other facilities, capabilities and know- 
how for the coming conquest of space. For example: 
MILITARY SYSTEMS EXPERIENCE for more than 
four decades. 

INERTIAL GUIDANCE AND CONTROL —notable are 
inertial guidance and control systems for the U.S. 
Army Ballistic Missile Agency’s REDSTONE and 
JUPITER missiles, developed with ABMA and manu- 
factured by Ford Instrument... plus much similar 
work in the Explorer satellite program. 
AUTOMATIC NAVIGATION SYSTEMS in wide opera- 
tional use by USAF. 

WARHEAD SAFETY, FUZING, AND ARMING DEVICES 

e.g., for the Army’s 280 mm atomic cannon and 

for missiles. 
NUCLEAR KNOW-HOW. Ford Instrument can synthe- 
size the above experience with a wide variety of spe- 
cific nuclear experience such as: Design of nuclear 
power plants in many size ranges and for a number 
of applications, some conventional and some very 
unique; development and in-pile evaluation of fuel 
elements; manufacture of control-rod drive mech- 
anisms and position indicators for nuclear powered 
submarines; and numerous feasibility and experi- 
mental studies in the nuclear field including the 
application of digital techniques to reactor control, 
kinetics and shielding studies, and fallout predic- 
tion techniques. 

For complete details, write: Nuclear Sales, Ford 
Instrument Co., 31-10 Thomson Ave., Long Island 
City 1, N.Y. 8.16 


FORD INSTRUMENT Co. 


DIVISION OF SPERRY RAND CORPORATION 
A CREATIVE TEAM OF SCIENTIFIC, ENGINEERING AND PRODUCTION TALENT 





Putting Rare Earths Within Your Reach 


tons, pounds or grams— today 


from the world’s largest heavy rare earth producing facilities 


Production Facilities: Until recently, the scope of 
Michigan Chemical’s rare earth manufacturing has 
been classified. Now it can be told that its production 
units are the world’s largest — with nearly 200 ion ex- 
change columns 30 in. by 20 ft. high devoted to the manu- 
facturing of tonnage quantities alone. In another sec- 
tion of this plant are 10 in. columns for the production 
of the less-abundant rare earth elements such as lute- 
tium, thulium and holmium. Also, in our pilot plant are 
2, 4 and 6 in. columns, shown right, which are used 
mainly for experimental work. A wholly new manufac- 
turing plant is in operation producing rare earth metals 
in commercial quantities. 


Compounds and Metals: Thirteen of the rare earth 
oxides and metals are available to you in substantial 
quantities — mainly from inventory. Michigan Chemical 
Corporation was the first producer to supply most of 
the rare earth metals in volume. 


Price Changes: Our facilities have enabled us to 
initiate many of the consistent and dramatic price re- 
ductions which have occurred in this field. Two years 
ago, for example, lutetium and thulium oxides were 
selling at from $100 to $125 a gram. Over a year ago, 
Michigan Chemical reduced the price of these materials 
below $30 a gram. Now our price is $450 a gram in 
pound quantities. In our role of leading producer, we 
are continuing every price effort to open the way for 
more and more research and product applications for 
these challenging compounds and metals. 


With purities up to 99.9+% purity, an assured source 
of supply and steadily lowering prices, we urge you to 
investigate Michigan Chemical’s heavy rare earth oxides 
and metals. Phone, wire or 

write today on your letter- 

head for technical data, 

quotations and delivery. 


Rare Earths and Thorium Division 


MICHIGAN CHEMICAL CORPORATION 


633. North Bankson Street, Saint Louis, Michigan 


RE-58-4 
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KOLLMORGEN Remote Viewing Systems... 


used in most atomic installations 


Radioactivity, caustic fumes, blast forces, 
inaccessibility and other adverse condi- 
tions hamper observation and inspection. 
To overcome these conditions, more and 
more installations in a widening range of 
industries are using Kollmorgen remote 
viewing instruments. Kollmorgen special- 
izes in the design and manufacture of 
instruments and systems for detailed ob- 
servation under difficult or apparently im- 
possible circumstances. Most of these 
devices can be readily adapted to photog- 
raphy or television. 

We have recently prepared a twenty- 
four page illustrated brochure which 
describes our facilities and primary fields 
of interest. For a copy, please write to 
Department 112. 


Photo courtesy Phillips Petroleum Company 
A Phillips Petroleum Company technician observes radioactive metallurgical speci 
mens through a Kollmorgen Hot Cell Periscope installed at the Materials Testing 
Reactor Hot Cell, National Reactor Testing Station. The periscope helps determine 
characteristics such as tensile and impact strength, hardness, weight and density 
changes. Macrophotography of specimens is also performed through the periscope. 


and from Cape Canaveral to the 


The Nautilus and her sister ships of the Atomic Fleet, 
like most other U.S. submarines, are equipped with 
Kolimorgen periscopes. These instruments require highly 
precise optical, mechanical and electronic components. 


Kolimorgen Bunkerscopes are used at Cape Canaveral for 
observation of missile launching operations and static 
tests. Bunkerscopes allow detailed observation from a 
considerable distance with no danger to the operator. 
Images appear in bright, clear, natural color. There are 
no maintenance costs with these Bunkerscope operations 


optical corporation 
NORTHAMPTON, MASSACHUSETTS 


kK, KOLLMORGEN 
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CRL manipulators... 


AS OBEDIENT AS YOUR HAND! 


Slave ends of CRL Manipulators obey 
perfectly —duplicate the natural motions 
of the operators’ hands—make operation 
of the system amazingly simple. An oper- 
ator becomes perfectly adept with practi- 
cally no training. 

Simplicity of operation is only one of 
several reasons research and production 
organizations all over the world specify 
CRL Manipulators. The system is versa- 
tile. Accessories such as special-purpose 
tongs, load hooks, motion locks, and pro- 
tective booting allow adaption to a great 
variety of purposes. A continuous program 
of improvement . . . uncompromising work- 
manship . . . and standardized, interchange- 
able parts provide more reasons why you 
should consider CRL Manipulators for 
handling hazardous materials. 

Central Research Laboratories will be 
glad to advise you on the handling of 
radioactive materials, explosives, hazard- 
ous chemicals, biological materials—in the 
layout of hot cells—in other research areas, 
too. For complete information, write CRL 
today. 
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engineers and scientists 


IMMEDIATE NEW OPENINGS 


in world wide reactor programs 


Atomics International is rapidly expanding its atomic power reactor program in both 
the United States and overseas. 

This expansion has created the following career opportunities at Al’s headquarters in 
Canoga Park, California: 





ENGINEERING ANALYSIS 


Reactor Engineering. Analysis and design of over-all power reactor systems and components. Prefer 
power reactor background in engineering design and analysis. Experience in reactor safeguard 
analysis also valuable 


Core Analysis. Complete nuclear analysis to include criticality, flux distribution, and reactivity 
requirements. Fuel cycle economics and optimization. 


Shielding. Analysis and design of biological and thermal shielding of large stationary power plants. 
Advanced studies and methods analysis for compact and mobile power plants. 


Heat Transfer and Fluid Flow. Steady state and transient experimentation and analysis. Power 
optimization studies; free and forced convection flow transients; boiling and two phase flow in 
water, organic and liquid metal systems. 


Structures. Transient and steady state stress analysis of reactor components subjected to mechanical 
loads, thermal cycling, and thermal shock. Advanced analytical studies in thermal stress fatigue, 
elastic and inelastic behavior of plates and shells, structural dynamics, and electronic analogue 
and digital computer application. 





FUEL ELEMENT DEVELOPMENT 


Fuel Materials. Senior Physical Metallurgists and Chemists for research and development of reac- 
tor fuels. Research in gas-metal systems, emphasis on structural, phase equilibria, and material 
properties. 

Alloy development of fuel and cladding materials for operation in power reactors up to temperatures 
of 1200°F and higher 

Study radiation effects, over-all evaluation of uranium and alloys and ceramics. 


Fuel Fabrication. Senior Metallurgical, Mechanical and Chemical Engineers for fabrication develop- 
ment of materials and elements. Includes both rod-type and plate-type elements and complex assem- 
blies. Development of non-destructive tests for these elements. 


Irradiation Experiments and Hot Lab Evaluation. Senior Physicists, Chemists and Engineers to 
develop and conduct irradiation experiments to establish the behavior of fuel materials and proto- 
type fuel elements under conditions of temperature and radiation anticipated in full scale power 
reactors. Also Senior personnel to develop techniques and equipment for the post-irradiation testing 
and evaluation of these experiments. 





Write today for more details about exciting career opportunities at A.I. 
Mr. C. B. Newton, Personnel Office, Atomics International 


21600 Vanowen Street, Canoga Park, California 
(In the suburban San Fernando Valley, near Los Angeles) 


7) ATOMICS INTERNATIONAL 


Ex 
CA 
—— A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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LIMITED “HOT” SPACE? 


General Mills versatile Mechanical Arm 
will help you make the most of it 


Skinning cats and mounting remotely 
controlled manipulators have something in 
common. There’s more than one way to 
do either. Here are two of many ways to 
mount the versatile General Mills Mechan- 
ical Arm to best utilize your available space. 


This mounting is especially adaptable to “hot shops”’ 
or similar large operational areas where low head- 
room or overhead equipment prohibits normal 
bridge mounting. In addition to the full movement 
of the arm itself, the carriage travels on the swing- 
ing boom and moves vertically and horizontally on 
the wall bridge. A telescoping hoist provides precise 
vertical positioning. 





Let us custom-design an installation for 
your specific needs. Take advantage of the vast 
experience of our Nuclear Equipment Department 

. the most experienced source of hot materials 
handling equipment in the atomic industry. If one of 
our standard Mechanical Arm installations cannot 
satisfy your specific requirement, it can be adapted to 
special conditions . . . or a complete custom design 
can be made to your specifications. We’re equipped 
to give you complete technical-consultation and design 


service. — eer , 
This installation is ideally suited for cells where 


large area coverage is not necessary—in gas-tight 
Send for new booklet containing all the areas where through-wall manipulators cannot be 
facts about our complete line of hot mate- used—in cells with limited space. All the move- 
rials handling systems. Write or phone ments of the Mechanical Arm in both this installa- 


Nuclear Equipment Department, Mechani- tion and the other are precision controlled from a 
cal Division of General Mills, 419 North remote console. 


5th Street, Minneapolis 1, Minnesota. 
STerling 9-8811. 


Nuclear Equipment Department MECHANICAL DIVISION 


MINNEAPOLIS, MINNESOTA 
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NDA’s developmental engineering group works in the 
field of materials development and feasibility of pro- 
posed reactor structures, components and forms. To 
carry out this work, it develops complete testing systems 
employing information feed-back, remote controls, warn- 
ing devices and environmental controls. 

In the SDR (Sodium Deuterium Reactor) program, 
for example, two major systems for sodium develop- 
mental work have been designed, built and operated at 
NDA-Pawling Laboratories. 

One of these systems is a full-scale mock-up of three 





SDR Multiple Failure Test System 


SDR fuel element positions, circulating 950°F. sodium 
through the fuel element complex, which includes bar- 
riers and the water calandria. It has operated without 
incident for more than 3500 hours. 

In earlier tests of SDR’s feasibility, separate and simul- 
taneous failures of the water side and the sodium side 
were simulated by jets of 1150°F. Na and 150°F. water 
directed at barrier surfaces. These demonstrated that even 
a thin aluminum wall is a satisfactory barrier material. 

Developmental engineering is one of many capabilities 
of NDA. Write for details. 


a complete reactor company 
NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 


5 NEW STREET, WHITE PLAINS, N.Y. 


TEL. WH. 86-5800 


NDA EUROPE 31, Rue du Marais, Brussels, Belgium 
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OBOE RDRUR 


of Key Developments in Atomic Energy 


Acceleration Gains in Face of Budget Bureau Dollar Limit 


Acceleration, for the past three years the focus of the debate over 
government nuclear power policy, was buffeted by both favorable and 
unfavorable winds in January, but managed to make a net gain as the 
86th Congress convened for what all expect to be the crucial year for 


atomic power policy. 

As the Joint Committee on 
Atomic Energy approached its an- 
nual “202” hearings in late February, 
acceleration stood closer than ever 
to agreement by all concerned. But 
implementation was jeopardized by 
the public-vs.-private-power con- 
troversy (see page 21) and the 
determined effort of the Eisenhower 
Administration to hold the 1960 
budget at $77-billion. 





Nevertheless, on balance, the 
outlook for acceleration was at 
its brightest—chiefly for these rea- 
sons: 

® The AEC ad hoc committee on 
reactor policies and programs (NU, 
Nov. ’58, 25; Dec. 20), appointed 
by AEC Chairman McCone, recom- 
mended an acceleration of U. S. 
effort to achieve competitive nuclear 
power; its report was submitted to 


AEC on Jan. 2. 

© Congressional sources expressed 
ontiiags that an AEC-JCAE 
agreement this year on acceleration 
would override most Budget Bureau 
opposition. 

© Hope was also expressed by 
Congressional sources that the pub- 
lic-private power issue could be met 
by adoption of a compromise pro- 
gram that would make more money 
available for both AEC and non- 
AEC sponsored new reactors. A 
compromise along these lines was 
already in prospect for the gas- 
cooled reactor (see page 21). 

Further budget details on p. 20. 


... as AEC Advisory Group Urges ‘Vigorous’ Acceleration 


AEC’s special advisory committee on reactor policy joined the Demo- 
cratic majority in Congress’ Joint Committee on Atomic Energy in call- 
ing on the Administration for an accelerated civilian reactor program. 
It urged “a vigorous development program” to make nuclear power 


economic in the U. S. in ten 
years. 

The Tammaro-Smyth committee 
—officially the AEC Ad Hoc Ad- 
visory Committee on Reactor Poli- 
cies and Programs (NU, Nov. ’58, 
25)—outlined, in a 60-page report 
submitted on Jan. 2, U. S. nuclear 
power needs, an appraisal of the 
present status of development, and 
suggestions for the future. The re- 

ort itself gave in summary form 
Eve objectives (see box), 16 techni- 
cal and seven general recommenda- 
tions (below). 

Broadly speaking, the New Smyth 
Report (as it is already being 
called) recommends roughly the 
same reactor concepts for develop- 
ment and the same technical goals 
as did JCAE in its staff study on 
acceleration last summer (NU, July 
58, 17). It casts doubt—at least 
by implication—on whether the 
time is ripe for construction of sec- 
ond- and third-generation reactors, 
either by industry or government, 
indicating rather a strong prefer- 
ence for concentration on small pilot 
plants. 

It agrees with the JCAE Demo- 
cratic majority that more positive 
leadership by AEC is required. It 
flatly contradicts what had been a 
major premise of AEC policy dur- 
ing the chairmanship of Lewis L. 
Strauss, that private industry should 
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bear the main responsibility for de- 
velopment and building of nuclear 
power plants: the report declares 
that while nuclear technology is 
“well advanced” in the U. S., “it 
still has a long way to go before it 
can be turned over entirely to pri- 
vate industry.” 

It also criticizes AEC for not yet 
having determined with any degree 
of accuracy the 1-value* of U™, 
recent indications having cast doubt 
on whether it is high enough to per- 
mit efficient thermal breeding using 
the thorium-U™ cycle. 


*.» (eta) is defined as the number of neu- 
trons emitted per neutron absorbed, whether 
by fission or radiative capture. 


Recommendations, Technical 

An introductory section entitled 
“Recommendations for the Techni- 
cal Program in the Near Future” 
reads [following matter is practi- 
cally verbatim): 

Our conclusions are that the 
technology of nuclear power is well 
advanced in this country, that it 
still has a long way to go before it 
can be turned over entirely to pri- 
vate industry, and that if the AEC 
leads a vigorous development pro- 
gram there is a fair chance that nu- 
clear power may be competitive 
with power from fossil fuels in some 
parts of this a within 10 
years and in most of the country 
within 20 or 30 years. 

We have reviewed the pres- 
ent status of the technical pro- 
gram and find it generally sound. 
To strengthen it and give it guid- 
ance particularly in the immediate 





Objectives for the U. S. 


the U. S. are to: 


nuclear power for civilian use; 


uranium and thorium, es 


over the long range.” 





AEC’s Ad Hoc Committee, named last fall by Chairman McCone, said it 
believes the five principal objectives of the civilian nuclear power program in 


“A. Fortify the position of leadership of the U. S. in the technology of 


“B. Reduce the cost of nuclear power in this country to a point competitive 
with power from fossile fuel at least in some areas within 10 years; 

“C. Reduce the cost of nuclear power to the competitive point in friendly 
foreign nations having high costs for energy in less than 10 years through a 
comprehensive program of assistance clearly defined and vigorously pursued; 

“D. Achieve a substantial reduction in the cost of nuclear power over the 
next 20 or 30 years by continuing studies which may ultimately. 
cost reductions, but which are unlikely to bear fruit in the next 10 years; 

“E. Make the fullest use possible of the nuclear energy latent in both 
ially by breeding, recognizing that U™ alone is 
probably not sufficiently plentiful to contribute significantly to our power needs 


lead to great 
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future we have made a number of 
recommendations . . . : 

1. A broad ae of general 
applied research should be gener- 
ously supported by a substantial in- 
crease over the level of fiscal 59 ex- 

ditures for this category of work. 
n addition, some of the work now 
being done under specific reactor 
projects should be transferred to 
this program. 

2. Within the program of general 
—_ research, increased effort 
should be put on the fuel cycle, in- 
cluding fuel element fabrication. 

8. Within the program of general 
—_— research, increased effort 
should be put on reactor physics, 
including the determination of eta 
for U™ and other similar constants. 

4. Construction of further proto- 
types [pilot plants designed with 
ultimate construction of a large 
plant in mind] of boiling water re- 
actors that advance the art should 
be encouraged. Studies being car- 
ried out by AEC and by industry 
will probably indicate the desirabil- 
ity of constructing one or two of 
these starting in 1959. If further 
studies on pressurized water reac- 
tors bring forth promising new 
ideas, prototype reactors of this 
kind should also be constructed. 


5. Work on nuclear superheat 
should be directed toward incor- 
poration of this feature in a proto- 
type reactor at an early date. 

6. Work on pressure tubes and 
pressure tube reactors including that 
recently initiated is commended and 


should be continued, since this 
offers a possibility of unlimited re- 
actor size and a promising method 
of achieving nuclear superheat. 

7. Since the concept of organic 
cooling looks attractive from the 
point of view of reducing capital 
costs, a further reactor experiment 
or prototype reactor should be 
started in 1959 if present design 
studies, particularly those on heavy 
water moderated and organic cooled 
reactors, come to promising conclu- 
sions. 

8. The general work on sodium 
as a coolant should be encouraged 
by continued operations of the So- 
dium Reactor Experiment and by 
pushing the new development work 
on sodium systems. Construction 
of the Hallam plant is probably ad- 
visable but should be given a lower 
priority than the general work. 

9. The thorough investigation of 
a sodium-cooled and heavy-water- 
moderated reactor should continue. 

10. Since there is a need for a 
flexible reactor test facility and for 
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experience with a gas-cooled, civilian 
power reactor at an early date, a 
reactor similar to that designed by 
Kaiser Engineers and ACF Indus- 
tries should be constructed starting 
in 1959. Flexibility should be in- 
troduced into the design to make 
the reactor suitable for testing fuel 
elements for gas-cooled reactors at 
temperatures up to 1,400° F. 

1l. Research and development 
support should be continued for the 
gas-cooled, heavy-water pressure- 
tube reactor proposed by the Florida 
West Coast-East Central groups. 

12. Subject to the present tech- 
nical review by AEC, the Commis- 
sion should support the research and 
development required for the ad- 
vanced gas-cooled reactor proposed 


by the a Electric Co. , 


Support should also be continued on 
the somewhat similar concept of the 
pebble-bed reactor. 

13. The aqueous homogeneous, 
molten-bismuth, and molten-salt re- 
actors all offer the possibility of re- 
ducing the cost of the fuel cycle, 
and the last two offer the possi- 
bility of high-temperature operation. 
These three concepts for power re- 
actors should be critically compared 
and work concentrated on the con- 
cept that appears most promising. 

14. Work on reactors involving 
the U™ breeding cycle should be 
reduced until it is clear that the 
value of eta is such as to make 
breeding feasible. Such breeding 
may require use of slurries, and 
work should continue on develop- 


ing slurry-handling technique. 

15. Work on plutonium as a fuel 
should be seal and the necessary 
facilities for this work provided. 

16. Work on fast breeders should 
continue to get vigorous support. 


Broader General Recommendations 
1. To promote better understand- 
ing of the U. S. nuclear power pro- 
gram, both in this country and 
abroad, AEC and JCAE should is- 
sue a formal statement of objectives. 
2. This statement should explain 
the necessity for leadership by the 
Federal Government, in cooperation 
with industry, and describe how this 
leadership is to be exercised. 

8. Possible methods of govern- 
ment assistance in implementing the 
program should be examined with 
a view to maximum flexibility and 
minimum distortion of technology. 

4. The U. S. should continue co- 
operation with and support of the 
International Atomic Energy Agency, 
Euratom, and other international 
programs. 

5. The technical program should 
give special emphasis to such factors 
as neutron economy in order to pro- 
mote the most efficient use of fission- 
able and fertile materials. 

6. Pilot plant reactors should be 
emphasized rather than large power 
reactors until the latter can be 
wholly or nearly self-supporting. 

7. Ad hoc committees such as the 
one here reporting should be ap- 
pointed from time to time to review 
the program. 


Budget Bureau Orders AEC to Hold Spending Line; 
Cuts Unlikely with JCAE in No Mood to Accept Them 


That the Budget Bureau, more 
than ever, will be a force to contend 
with, was clear from its unshakable 
stand on imposing an arbitrary ceil- 
ing on AEC’s budget for fiscal ’60. 
The Bureau simply ordered AEC to 
hold to fiscal-’59 levels of spending. 
Its stand not only stifled any idea 
AEC may have had for accelerating 
reactor development on its own, but 
made it clear that any joint AEC- 
JCAE acceleration program will 
have tough sledding. 

The commission's own civilian 
budget recommendations have been 
deeply slashed by the Budget 
Bureau (NU, Jan. 58, 23). As one 
AEC source explains it, “This 
wasn't a case of the Budget people 
exercising technical judgment on in- 
dividual parts of the program. 
They just set a dollar ceiling, and 
invited us to split it however we 
wish. The effect is to limit the 


number of reactor concepts which 
can be pursued in fiscal ’60.” 

An AEC official, when asked 
what will happen if budget limita- 
tions continue to be imposed on the 
reactor development program be- 
yond next fiscal year, replied that 
“we would be forced to make a 
drastic revision in the program.” 

From a realistic view, this is ex- 
tremely unlikely to happen. 

Whatever the attitude of the 
President’s Budget Bureau, JCAE 
is bound to authorize an expanded 
program—and there’s widespread 
belief that it will have the behind- 
the-scenes cooperation of AEC in so 
doing. In fact, there’s speculation 
the Commission hopes to submit a 
supplemental budget request later 
this year. 

However, two factors will act as 
a brake on actions by JCAE and 
the appropriations committees: the 
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Democrats cannot allow themselves 
to appear as “reckless spenders” for 
a not essential to national de- 
ense; and, if President Eisenhower 
stands firm, there is no way Con- 
gress can make the administration 
build reactors it doesn’t want, even 
if authorization and funds are voted. 

Washington observers are con- 
vinced that Chairman McCone, if 
determined himself that the reactor 
development program should be ac- 
celerated, can do much to reconcile 
the differences between the Demo- 
crats and the Budget Bureau. 

Since other nations favor natural 


uranium as a fuel, heavy water re- 
actors qualify as a favored concept 
for de lint program. Plutonium 
recycling reactors are another, in 
light of desire abroad to burn Pu. 

For domestic development, ac- 
cording to staffers in the Reactor 
Development Division, any list of 
priority concepts includes boiling 
water, pressurized water and or- 
ganic moderated. Gas-cooled reac- 
tors, for political as well as tech- 
nical reasons, qualify for the list. 
The desire for neutron conservation 
makes the fast breeder a strong can- 
didate. 


Reactor Subsidies Gain Private Utility Acceptance; 
Public Power Demands More AEC-Built Reactors 

The Democratic-dominated Joint Committee on Atomic Energy re- 
turned to work last month and found awaiting it a solid endorsement 
from the nuclear power industry for a long-range, accelerated reactor 
development program. But with the endorsement came an eruption 


of the public-vs-private power is- 
sue in its most outspoken terms. 
These were the highlights of a 218- 
page compendium released by the 
Joint Committee shortly before the 
85th Congress convened on Jan. 7. 
In its pages were some 70 commen- 
taries . reactor experts, equipment 
manufacturers, private and public 
utility interests and architect-engi- 
neering firms on the “proposed ex- 
panded civilian nuclear power pro- 
gram” sponsored by the JCAE staff 
(NU, Sept. ’58, 155, Aug. °58, 18). 
The ale revealed a_ vir- 
tually unanimous agreement by all 
four of these segments of the nuclear 
power industry that the federal gov- 
ernment should step up its spending 
on reactor development. As never 
before, however, the compilation 
demonstrated the width of the 
breach among public and private 
power executives over how the fed- 
eral monies should be committed. 
The JCAE document amounts to 
a preview of industry testimony at 
the annual “202” hearings scheduled 
to start later this month. To the 
same extent, the compendium gives 
an insight to what the Committee 
was told by industry people who 
attended a three-day symposium at 
the Capitol in mid-January. 
Generally, private power demands 
a continuation of the partnership 
policy under which reactors beyond 
the experimental stage are spon- 
sored by the utilit 7 seeks 
repeal of the preference clause of 
the 1954 Atomic Energy Act (giv- 
ing public power bodies first call on 
federally-produced electricity); and 
supports the principle of federal 
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subsidy to get more reactors built 
under utility sponsorship. 

Public power favors a reinstate- 
ment of the second-round philosophy 
of the reactor demonstration pro- 
gram (AEC ownership of reactors 
hooked on to publicly-owned gen- 
erators); demands retention of the 
preference clause; and brushes aside 
the subsidy concept in favor of out- 
right. construction of development 
reactors by the Commission itself. 


Concepts that a most likel 
to oti titi bu sot Rentnaben y 

®The  sodium-cooled reactor. 
AEC expects to continue improve- 
ment of the Hallam, Neb., design 
during its construction, but plans 
for construction of a second sodium 
reactor experiment may be delayed. 

® The fluid-fueled reactors. AEC 
experts are anxious to press devel- 
opment of one of three fluid-fueled 
concepts—homogeneous, fused salt 
or liquid-metal-fueled reactor. The 
stock of the homogeneous concept 
has fallen as a t of the suspen- 
sion of the P.P.&L.—Westinghouse 
project (see p. 61). 





A significantly larger fraction of 
the private utility indu has 
swung behind Willis Gale of Com- 
monwealth Edison in support of the 
incremental subsidy approach or 
some modification of it under which 
AEC would put up the difference 
in construction and/or operating 
costs of a nuclear power plant over 
a conventional station. The Gale 
plan has also been embraced by 
JCAE Chairman Clinton P. Ander- 
son (NU, July °58, 18). Philip 
Sporn of American Electric Power 
Co., J. Robert Welsh of Southwest- 
ern Electric Power Co., and H. W. 
Balgooyen of American & Foreign 
Power Co., all spoke out for capital 
subsidies in their latest comments. 


Opposition to HTGR foreshadows delay 


Stiffening opposition within AEC and the Joint Committee on 
Atomic Energy indicated last month that the private-utility-spon- 
sored high-temperature gas-cooled reactor (HTGR: NU, Dec. ’58, 
17) may be delayed in favor of the less-advanced design of ACF- 
Kaiser Engineers (NU, Aug. ‘58, 118). As the Feb. 21 deadline 
neared for an AEC decision on accepting the HTGR proposal, 
AEC staff people were reflecting a growing sentiment that the 
concept was too advanced for early construction; one official com- 
mented: “It would take not only development, but invention.” 
Congressional sources were talking up a compromise under which 
construction would proceed on the less daring concept and a con- 
struction commitment on HTGR delayed pending further study. 


Los Alamos criticality accident kills technician 


Third person to die of radiation injury in the U. S. atomic 
energy program (and first since 1946), Cecil W. Kelley, 38, a 
metal fabrications operator at Los Alamos, died Jan. 1—36 hours 
after a criticality accident in a plutonium-waste stirring tank. In- 
vestigation is underway. Kelley, 11 years a LASL employee, told 
of seeing a blue flash as he started a stirring motor in a 225-gal, 
5-ft-high, 4-ft-dia closed (but unshielded) tank, part of a process 


for Pu recovery from waste solutions. 


He had performed the task 


some 75 times before; the tank had operated safely some 1,000 
times. Attending physicians estimated he received 10,000 rem. 
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New Labor Group Plans 
Louder Voice on Atom 


The AFL-CIO, powerful voice of 
nized labor, fos discarded its 
relatively aloof posture on the end 
ful atom for a more active role vis- 
a-vis the policymaking and regula- 
tory activities of the federal govern- 
ment and the health-and-safety ac- 
tivities of the nucleonics industry. 

The breadth of the new role was 
spelled out to NucLFONIcS last 
month by Benjamin Sigal, chairman 
of the new 14-member, technical 
advisory committee to the AFL-CIO 
Industrial Union Dept. (NU, Dec. 
58, 27) and chief counsel for the 
three labor unions demanding with- 
drawal of the construction permit 
given the Fermi Project at Lagoona 
Beach, Mich. (NU, Jan. °58, 23). 
Reporting on the committee’s or- 
ganizational meeting in late Novem- 
ber, Sigal said the group will: 

1. Press for an “adequate pro- 
= for the development of peace- 
ul uses of atomic energy” in the 
production of electric power and 
the use of radioisotopes. It will 
concern itself particularly with the 
civilian reactor development pro- 
gram, implementing the AFL-CIO 
policy in favor of stepped-up reac- 
tor construction by AEC. 

“The committee, in all likelihood,” 
he said, “will support a much more 
vigorous program of power reactor 
development than we have seen up 
to now.” 

2. Work for fullest protection of 
health and safety of workers in 
facilities processing or utilizing 
radioactive materials, and take a 
more active part in the hazards edu- 
cation of union leadership and mem- 
bers so they will be better able to 
demand adequate safeguards from 
management. 

The committee will also have 
something to say on where the line 
should be drawn between state and 
federal authority, Sigal said. “For 
the present,” he declared, “this is 
a matter that should be left pri- 
marily in the hands of the federal 
government. Generally speaking, 
the states do not have the trained 
personnel at this stage.” 

3. Support establishment of a fed- 
eral workmen’s compensation = 
gram for atomic energy labor. 
State compensation measures, ac- 
cording to Sigal, are inadequate to 
cover radiation hazards, in partic- 
ular are deficient in the time allow- 
ance for making injury claims, since 
radiation injury may be much longer 
in manifesting itself than the year 


generally allowed by the states. 

4. Emphasize on Capitol Hill an 
alleged conflict in AEC’s responsi- 
bilities for both regulation and pro- 
motion of the ceful atom. “In 
view of the [Fermi] case,” he con- 
tended, “there is a serious question 
whether it is proper to have respon- 
sibility for the promotion and the 
regulation of atomic energy appli- 
cations under the same roof.” 

Sigal’s committee was organized 
by Walter Reuther, chief of both 
the United Auto Workers and the 
Industrial Union Dept., who has 
been a loud critic of AEC’s way of 
doing business and a long-time ad- 
vocate of reactor acceleration. As 
a member of the McKinney Panel 
(NU, Feb. ’56, 9), he wrote a sep- 
arate report urging a crash program 
of civilian reactor development. As 
head of UAW, Reuther has been 
the prime mover in the labor fight 
with AEC over the Fermi project. 

He has —— the advisory 
committee in his AFL-CIO depart- 
ment at this time, he explained, be- 
cause the latest Geneva Conference 
“revealed widespread application of 
radioactive materials throughout in- 
dustry and science. This brings the 
potential application of nuclear sci- 
ence into thousands of plants, fac- 
tories, mills and mines. The intro- 
duction of this new technology and 


science raised many problems for 
the workers in such places.” Sigal 
said his committee will not make 
policy; rather it will give advice to 
Reuther and other top officials of 
IUD. Once policy is set, however, 
the committee will function as the 
voice through which it is brought to 
the attention of Congress, the Ad- 
ministration, the public and the 
membership. 


Membership 

Secretary to the committee is 
Leo Goodman, atomic energy ad- 
viser, UAW. Committee members 
include Frank Burke, United Steel- 
workers; Joseph Childs, United 
Rubber Workers; Joseph A. Fisher, 
Utility Workers; Timothy Flynn, 
American Federation of Technical 
Engineers; Sandford Gottlieb, Amer- 
ican Federation of State, County 
and Municipal Employees; John J. 
ae, 0 Marine and Shipbuilding 
Workers; Tom Lloyd, Pees. sect, 
Meat Cutters; James M. yon 
Communications Workers; Brooks 
Payne, International Brotherhood 
of Electrical Workers; Joseph F. 
Phillips, Plumbers and Pipefitters; 
Elwood Swisher, Oil, Chemical and 
Atomic Workers; Elmer Walker, In- 
ternational Assn. of Machinists; and 
(indicated) Charles F. McGowan, 


Boilermakers Union. 


6 Mergers in A-Industry; Zinn Atom Chief at CE 


name to General Telephone & Elec- 
tronics Corp. General Telephone 
controls a number of operating tele- 
phone companies, directory-publish- 
ing firms and manufacturing and 


The wave of mergers in the nu- 
clear industry that was building up 
at year’s end (NU, Jan. ’59, 25) 
broke last month, carrying along 
even a pair of labor unions. All in 
all, ieles organizations said “Let's 
do it,” reducing their aggregate 
number to six. 

Top headliner among the mergers 
was the acquisition of Walter F. 
Zinn’s General Nuclear Engineer- 
ing Corp. by Combustion Engineer- 
ing Inc., to form a significantly 
strengthened contender in the re- 
actor world. Zinn is slated to be- 
come a vice-president of Combus- 
tion, with centralized responsibility 
for the firm’s nuclear operations 
from offices in Windsor, Conn. His 
colleagues in GNEC will remain at 
Dunedin, Fla., for the foreseeable 
future, with the group operated 
there as a Combustion subsidiary. 

Metals and Controls—as also fore- 
cast by Nnucieonics last month— 
voted to merge with Texas Instru- 
ments. The other four mergers: 

® Sylvania Electric Products, Inc. 
was merged into General Tele- 
phone Corp. which changed its 


sales concerns. Sylvania will con- 
tinue operations as a separate cor- 
porate entity, and Sylvania-Corning 
Nuclear Corp., a joint subsidiary of 
Sylvania and Corning Glass making 
fuel elements, expects no change in 
its operations as result of the move. 
® Salem-Brosius Inc. of Pittsburgh 
acquired R. H. Freitag Manufac- 
turing Corp. of Akron to form a 
major integrated supplier of reactor 
components. Freitag, with a 110,- 
000-ft* plant for equipment and pre- 
cision machined parts, will be op- 
erated as a divison of Salem-Brosius’ 
wholly-owned subsidiary, Alloy Man- 
ufacturing Co., Pittsburgh. Salem- 
Brosius, built up since 1950 by 
mergers of small long-established 
firms, is a prominent designer and 
builder of furnaces for the steel and 
metallurgical industries; by acquir- 
ing Alloy last July, it entered the 
naval reactors program as a supplier 
of precision-welded core components. 
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Salem-Brosius has initiated a $500,- 
000 — of the Alloy plant. 

@ Sabre-Pinon, prominent uranium 
mining and milling firm, will acquire 
Black Jack Corp., a land-holding 


concern controlling 15,436 mineral- 
bearing acres in New Mexico. 
® The Oil, Chemical and Atomic 
Workers Union and the Interna- 
tional Chemical Workers Union have 
drafted a pro sed constitution for 
oO the two labor groups. 


a merger 


Combustion and GNEC 

Combustion is giving GNEC 65,- 
412 shares of Combustion stock, 
worth about $2-million, at a rate of 
7 shares for each 10 shares of the 
81,002 authorized and outstanding 
shares of GNEC (plus 2,131 shares 
of preferred stock and 2,000 shares 
involved in a restricted option). 

Combustion has some 2,300 em- 
ployees in its nuclear operations, 
divided roughly as follows: scientists 
and engineers, 300 at Windsor and 
100 at Chattanooga; draftsmen, 50 
and 90; production workers, 1,050 
and 700. GNEC had 36 engineers 
and scientists and 23 design drafts- 
men, administrative and supporting 
personnel as of Nov. 1. 

Combustion feels that addition of 
the experience- and prestige-rich de- 
sign team of GNEC so broadens its 
own technical base that it will be 
able to compete much more aggres- 
sively than it has done in the inter- 
national market for reactor jobs. 
“It gives us an ability in all kinds 
of reactors that we haven't had,” 
one executive put it. Present nuclear 
backlog on civilian and military 
projects is put at $45-50 million. 


Metals & Controls and Texas 

Texas Instruments is acquiring 
Metals & Controls for $48.3-million, 
by an exchange of stock, with the 
holders of the 922,467 M & C com- 
mon shares receiving % of a share 
of Texas Instruments, quoted at 69 
on the N. Y. Stock Exchange at 
years end. Texas Instruments, a 
29-year old firm, has 7,500 em- 
ployes and did $90-million sales in 
1958. It makes electronic and elec- 
tromechanical systems for military 
and civilian uses, transistors and 
other semiconductor devices, and is 
prominent in geophysical explora- 
tion for oil with prospecting crews 
in 20 countries. 

C. J. Thomsen, director and vice 
president of Texas Instruments, was 
elected president of Metals & Con- 
trols as of Jan. 5; George Williams, 
former acting president, remains as 
president of M & C Nuclear. 
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Hoops in Britain: New Reinforcing Technique Permits 
Doubling Power Output of Gas-Cooled Reactors 
Spectacular increases in specific output thanks to a major structural 
breakthrough in reactor design are expected to distinguish at least two 
forthcoming bids for the 500-Mw(e) second-round nuclear power sta- 


tion at Trawsfynydd in Wales. 

These designs for the first time 
use cylindrical reactor vessels 
with hoop reinforcement. The 
banded reinforcement ideally halves 
the hoop stress—the maximum de- 

sign stress—in the reactor shell com- 
— with that of a plain cylinder 
ving the same plate thickness. 

The at significance for the 
future of the British nuclear power 
program of this development is that 
it allows gas pressures to be approxi- 
mately doubled, and consequently 
power output nearly doubled. 

One of the designs is by AEI- 
op Thompson, which submitted a 

id this month for the Trawsfynydd 
station. It is believed that in the 
250-Mw/(e) reactor design AEI is 
currently offering, the diameter is 
even smaller than the company’s 
138-Mw/(e) reactor now building at 
Berkeley, while using plate of basi- 
cally the same thickness. 

Although the immediate objective 
of the development was the achieve- 
ment of higher gas pressure without 
recourse to plate thicker than the 
current 3-3%-in., K. G. Mantle of 
the John Thompson design team 
told nucteonics that the technique 
has vast potential. 

Meouiatae and on-site welding 
of plate much thicker than 3% in. is 
currently one of the most ent 
and serious problems in the develop- 
ment of Calder-type reactors. Al- 
ready each plate requires one whole 
ingot, and very little hot-working is 

sible during its reduction. This 
eads to serious lamination in the 
plate and loss of ductility as the 
plate partly retains the cast struc- 
ture of the ingot. Every square 
inch of plate requires the most ex- 
haustive application of ultrasonic 
testing, and wastage is believed to 
be considerable. 

On site, existing equipment for 
radiological weld-testing is not able 
to detect fine cracks in plates ex- 
ceeding this order of thickness. 

In general, reinforcement of a 
ressure vessel by hoops or bands 
eads to larger, thinner plates which 
offer two advantages: greater duc- 
tility and fewer welds in both large 

and small pressure vessels. 

AEI declines comment on its re- 
inforced technique, but NUCLEONICS 

understands that laminated bands 





built up from possibly 13 concentric 
circular sheets of steel plate, several 
feet wide, are tightly wra 

around the pressure-vessel q 


’ These bands are not welded to the 


shell, and therefore take no longi- 
tudinal stress. 

The only information available on 
the John Thompson technique re- 
lates to tests carried out recently by 
the firm on a 5-ft-diameter speci- 
men, 9 ft over ends, which repre- 
sents to one-tenth scale a 50-ft- 
diameter reactor. But it is believed 
that the company has already suc- 
cessfully carried out tests on a 50-ft- 
diameter reinforced cylindrical speci- 
men to prove the design and man- 
ufacturing techniques of a current 
full-scale design. 

The advent of reinforcement for 
cylindrical vessels is now likely to 
reverse the current argument in 
favor of spheres. It had been gen- 
erally conceded that a cylindrical 
reactor up to 130-Mw/(e) rating 
showed the best over-all economy 
in terms of cost per unit sent out, 
and was haunt more attractive 
because of construction and _in- 
stallation advantages. But above 
150-Mw the sphere became pro- 
gressively more attractive because of 
its pressure advantage and the great 
effect of pressure on heat output. 
Of the four first-round stations, only 
AEI-JT’s Berkeley station retained 
the cylinder as used at Calder Hall, 
the others being spherical. 

With reinforcement, a cylindrical 
vessel not only now enjoys the same 
theoretical pressure loading as the 
sphere, but, according to AEI-JT 
tests, is able in practice to realize 
80% of the ideal pressure advantage 
over a simple cylinder, com 
with the 10-15% achieved with a 
sphere. 

Pressure considerations apart, the 
cylinder still has significant construc- 
tion and installation advantages over 
the sphere. These include: (1) 
cost b the vessel and its shielding 
is less; (2) fabrication is simpler; 
(3) headroom over the core is in- 
dependent of diameter, allowin 
considerable flexibility in design 
charge and discharge — 
(4) shorter of the bia cal 
shield roof reduces a number of en- 
gineering problems. 





R ©O U ieee 


Semi-Autonomy for Safeguards Group Brings Difficulties 


In the summer of 1957, the Joint Committee on Atomic Energy spon- 
sored Congressional adoption of a major piece of legislation providing 
$500-million in federal indemnity for any reactor built in the U. S.— 
the Price-Anderson Act. Only incidentally, the measure carried this 


language: “There is hereby es- 
tablished an Advisory Committee 
on Reactor Safeguards... .” The 
measure also provided that hazard 
reports of the group “shall be avail- 
able . . . to the public... .” 

Thus, in one mighty stroke of the 
Congressional cutlass, the long-ac- 
tive ACRS was abolished as an in- 
ternal, AEC-established advisory 
committee and reconstituted as a 
“statutory” (i.e. set up by act of 
Congress), semi-autonomous com- 
mittee that must report not only to 
AEC but to Congress and the pub- 
lic as well. 

Like the child of a stormy mar- 
riage, the reconstituted ACRS is 
reflecting its birth during a political 
turmoil—at the height of a bitter 
quarrel between former AEC Chair- 
man Lewis Strauss and JCAE Dem- 
ocrats. The advisory group’s new 
status grew out of its report to AEC 
in mid-1956 on the Power Reactor 
Development Corp.’s Fermi reactor 
(NU, Sept. 56, R3). After AEC 
had issued a construction permit, it 
was revealed—in a report for inter- 
nal AEC consumption—that ACRS 
had failed to give the project a 
clean bill of health. 

Though it made no recommenda- 
tion for or against issuance of a 
construction permit, ACRS found it 
“doubtful that sufficient experimen- 
tal information will be available in 
time to give assurance of safe oper- 
ation of this reactor unless the pres- 
ent fast-reactor program of the AEC 
is amplified and accelerated” and, 
further, that “it is impossible to say 
whether or not an accelerated pro- 
gram would give sufficient informa- 
tion to permit safe operation of 
this reactor at the Lagoona Beach 
site on the time schedule presently 
proposed.” 


Suppression Charged 

JCAE Democrats, led by Sen. 
Clinton Anderson (D-N. M.) and 
Rep. Chet Holifield (D-Cal.) charged 
“suppression” of the report by AEC; 
then, exploiting the opportunity pro- 
vided the following year by the in- 
demnity bill, reshaped ACRS as an 
agency whose intended function re- 
mains clear and noncontroversial— 
but whose new status actually is 
neither. 


24 





ACRS Membership 


C. Rogers McCullough, chairman 
Monsanto Chemical 

Reuel C. Stratton, vice chairman 
Travelers Insurance 
MIT 
Harvard 


Manson Benedict 
Harvey Brooks 
Willard P. Conner Hercules Powder 
R. L. Doan Phillips Petroleum 
Franklin A. Gifford, Jr. 

Weather Bureau Office, Oak Ridge 
Henry W. Newson Duke Univ. 
K. R. Osborn 

Allied Chemical and Dye 
D. A. Rogers 

Allied Chemical and Dye 
Leslie Silverman Harvard Univ. 
Charles R. Williams 

Liberty Mutual Insurance 


Abel Wolman Johns Hopkins Univ. 





Among other things, there is a 
question in the minds of some AEC 
officials as to whether ACRS can 
give its frankest and most valuable 
advice in reports to AEC that must 
eventually be published; and there 
is confusion at AEC and ACRS as 
to how autonomous Congress expects 
the group to be. (For example, 
should it have an independent staff 
or should it continue to rely for its 
information on the AEC hazards 
evaluation staff?) 

“AEC has not fully accepted all 
the implications of the [mew] ACRS,” 
an ACRS member told NUCLEONICs. 
“This organization was not set up as 
such organizations ordinarily are.” 

Among the significant changes, 
he pointed out, are: (1) the reports 
of ACRS to AEC must be pub- 
lished; and (2) the committee feels 
that its responsibility in judging nu- 
clear-facility safety has been broad- 
ened and deepened (“we dig a little 
deeper now). Because of the 
changes, he said, ACRS deliberately 
drew AEC’s attention to its new 
status in August by submitting a 
report, even though tentative, on 
the Piqua project (NU, Oct. ’58, 
27); ACRS’ tersely worded finding 
that “the site is not a suitable one” 
was issued early, he indicated, with 
the forethought that it would be 
made public and that such publica- 


tion would carry unusual weight in 
any final judgment on the project. 
“The committee felt that this let- 


ter, at this particular time, would 
be useful to Mr. McCone [AEC 
chairman] and the Commission,” it 
was pointed out. 


Impliedly Judicial 


As an AEC official emphasized, 
the new ACRS is “primarily advi- 
sory but impliedly judicial.” This is 
another way of saying that the five- 
man AEC may have to share its 
heretofore sole responsibility for 
judging nuclear safety. The Fermi 
case demonstrated that, under the 
former AEC-ACRS relationship, AEC 
was free—and, in fact, required by 
law—to make the final judgment on 
construction and operation of a nu- 
clear facility. This legal require- 
ment still stands but the Price- 
Anderson Act appears to have mod- 
ified it. 

“Here is a unique situation,” an 
AEC official observed, “where you 
have an advisory committee that is 
almost operating as a separate agen- 
cy. Apparently Congress did not 
want a separate agency; rather an 
advisory group to AEC. 

“But publication of ACRS reports 
is a problem. I would be reluctant 
to see a separate agency set up. 
But, on the other hand, I think 
there can be some substantial im- 
provement in the present arrange- 
ment. I think ACRS could tell us 
much more than it does if the 
reports were not published.” 


ACRS Divided 


A minority of the 13-man mem- 
bership of ACRS would like to see 
the committee given independent 
status—in effect, completing some- 
thing Congress only started. How- 
ever, the majority prefers to con- 
tinue the close relationshi with 
Clifford K. Beck and his en 
evaluation branch of AEC’s Division 
of Licensing and Regulation. 

“It is not clear [from the law] 
whether the committee should have 
its own staff and duplicate the work 
of Beck’s staff,” a spokesman for the 
majority view commented. “We 
do not want to set up a separate 
staff because it is very hard to get 
competent technical people—and 
money. Maybe the Joint Commit- 
tee’s feelings about this will become 
clearer.” 
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As the arrangement now stands, 
ACRS gets all of its information 
through Beck’s office; most ACRS 
matters originate with AEC, then 
follow-up questions from ACRS are 
submitted to the applicant or to 
AEC personnel through Beck. A 
special ACRS subcommittee is set 
up when the safety problems of a 
particular project are unusually 
tough and, in these instances, the 
committee deals directly with the 
applicant in closed meetings where 
no record is kept. 

“We are technical le tryin 
to solve technical panes?’ on 
plained a committee member. “It 
is not our function to make a record 
at these meetings. The fact is that 
at the present time we take no 
transcript of the meetings... . 
Also, we try very hard to stay out 
of anything but technical advice.” 


Committee Operation 

ACRS members are appointed by 
the Commission for four-year terms, 
are expected to offer advice to AEC 
on general safety questions, to re- 
view proposed reactor projects 
(power, test and certain research), 
and to meet 


any AEC re- 
quest for ad- 


vice on facility 
safety. Chair- 
man McCul- 
lough, who 
gives about 80% 
of his time to 
the committee, 
conducts the 
regular bi- 
monthly meet- 
ings and special 
meetings. Meeting preparation is 
ordinarily handled by McCullough 
and Richard Graham, one-man staff 
to the group as full-time technical 
secretary. 

Because members come in to 
Washington from around the coun- 
try, an attempt is made to report to 
AEC within a few days after a 
meeting at which final action is 
taken. (“When you have the group 
together, you had better sit down 
and write a draft of the letter to 
the Commission while they're still 
in town. Before they go home the 
thing is settled. Where they can't 
agree we defer the question.”) 

Two aspects of ACRS operation 
that tend to be underemphasized 
outside the committee, according to 
a spokesman, are: (1) in dealing 
with an applicant, the committee 
“never tells anyone how to design 
anything—we merely review what 
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McCullough 


somebody else has designed”; and 
(2) in addition to meeting AEC 
requests for advice, the committee 
“encourages or even requests” re- 
search programs in nuclear safety. 
A committee official said ACRS 
sponsored much of the safety work 
connected with the Borax (Boiling 
Reactor Experiment) and SPERT 
(Special Power Experimental Reac- 
tor Test) series. 

“We're a group of idea men on 
safety,” he summed up. 


AEC Staff 

Working under Harold L. Price, 
director of licensing and regulation, 
Clifford Beck has a 16-man hazards 
evaluation staff; only a deputy to 
Beck and a_ meteorologist are 
needed to bring the to full 
strength. The group includes ex- 
perts on reactor theory and calcula- 
tions, stress analysis and pressure 
shells, boiler ros heat transfer 
and chemical engineering (“we 
have both the physicist type and 
the practical-engineer type”). 

The staff also goes outside its 
own office for advice—to ACRS, of 
course, and to “quite a list” of con- 
sultants. The possibility of decen- 
tralizing the operation into AEC 
field offices has been considered, 
but the idea has not been adopted 
because of the big part judgment 
continues to play in safety evalu- 
ation. 

“A great deal of judgment in this 
field continues to be subjective and 
only one group could maintain the 
consistency that is necessary,” an 
official stressed. “If you divided 
this work up in field offices it would 
be impossible for each of these to 
have access to the type of people 
the group here can command.” 

Over the 80 months of the staff's 
existence it has reviewed more than 
240° projects (or about 100 annu- 
ally), including reactors, critical fa- 
cilities,  fuel-processing _ facilities, 
fuel-element fabrication plants and 
—most recently—the transportation 
of radioactive materials. This last 
project is sponsored jointly by AEC 
and the Interstate Commerce Com- 
mission; AEC is studying’ critical 
mass, radiation and thermal aspects, 
ICC is handling mechanical-integ- 
rity aspects. 

At any given moment the Branch 
may have 20-30 projects under 
active study, with 2 or 3 men as- 
signed to each. Generally, for the 
large projects, at least 3 and aye | 
more separate actions by the 
are necessary. Reviews are made 
at the site-selection stage, construc- 


tion-permit stage, and operating- 
license stage; also, there may be 
separate reviews for amendments 
and design changes at either of the 
last two stages. For small research 
and training reactors safety review 
can be completed in 2-3 weeks; re- 
view takes 1-2 months for inter- 
mediate reactors; and several months 
for large test and power reactors. 


Procedure 

When a license application is filed 
with the mt division, it is re- 
viewed for adequate evaluation of 
hazards; if the review is favorable, 
a memo on the project is sent to 
ACRS, then a follow-up meeting 
with ACRS is scheduled. (As 

mentioned earli- 

er, the appli- 

cant may or may 

not be called be- 

fore ACRS, de- 

pending on the 
circumstances. ) 

If there is 

a difference of 

opinion between 

ACRS and 

Beck’s staff, an 

Beck attempt is made 
to work out a 

common view. 

“We do not want to get into 
a position of direct conflict with the 
committee,” an AEC official de- 
clared. “We have not had any di- 
vergence of opinion yet as to their 
judgment of the safety of a situation 
and our own.” 

Both groups have three basic re- 
sponsibilities on project — col- 
lecting, analyzing and evaluating 
information. There is this major 
difference: the hazards evaluation 
branch serves as staff for both 
ACRS and AEC in collecting infor- 
mation but serves AEC alone in 
analyzing and evaluating it. 

The value of analysis and evalu- 
ation by ACRS, an AEC official 
said, is the committee’s “completely 
detached viewpoint.” The value of 
review by both groups, he added, is 
that “it focuses the applicant’s at- 
tention on safety problems” which 
might not otherwise be done be- 
cause of the pressure of other prob- 
lems of the project. 

“The vee value of our contribu- 
tion to this safety problem is just 
that,” he declared. “We're not 
more expert than the people who 
are designing the plants, by any 
means. We don’t have the infor- 
mation they have and we don't 
spend the long hours they do on 
every detail of it.” 





R O U Wee 


Minnesota to Regulate 
Plant Building, Operation 


Minnesota has become the first 
state to assume control over the con- 
struction and operation of nuclear 
reactors and other nuclear facilities 
within its borders. The power to 
say yes or no to nuclear-facility con- 
struction and operation in the U. S. 
had been held exclusively by AEC. 

On Dec. 4 the Minnesota State 
Board of Health adopted a regula- 
tion stating that “no reactor shall be 
operated in this State until the 
owner has received, or is in posses- 
sion, of [our written] approval.” 
The rule provides: 

@ At least 30 days before con- 
struction of any reactor or other 
nuclear facility a hazard report must 
be filed with the Board. Express 
approval of the Board is required 
before any construction start. The 
Board is free to object to any part 
of the proposed design “on the 
ground that the public health may 
be endangered.” 

® The Board must be notified not 
less than 80 days nor more than 
60 days before proposed operation 
of a nuclear facility; no plant can 
be operated without written consent. 

The Elk River reactor, which has 
been under construction since last 
summer (NU, Dec. 58, 24), will 
be subject to both construction and 


The Hole in HRE-2 

This remarkable photo of the hole in 
HRE-2 reactor vessel (NU, Aug. ‘58, 
21) was taken with a 20-ft periscope 
and a mirror on a hinged arm, in a 
100,000 fr atmosphere. Hole (be- 
tween arrows), seen in mirror, is an 
oval 1 in. wide, 1%-in. long. Cause 
for failure is still under study 


operation review under the rule, said 
a Board of Health spokesman. 

W. R. Lawson, ion specialist 
with the Board, said the Board has 
been dissatisfied with the informa- 
tion it has received on the Elk River 
reactor and will insist on appraising 
the design; he pointed out that the 
“design is not yet final.” 


Ohio Development 
Meanwhile, in Ohio, atomic 
energy coordinator William Eells has 


left office and returned to his home. 
Eells was appointed to the post 
(first full-time coordinator in a state 
government) by former Gov. 
William O’Neill (NU, March ’58, 
24). By mid-January, new Gov. 
Michael DiSalle had not committed 
himself on continuing the post. 


AEC Expects 4 Bids, Gets 11 
On Test Reactor Service 

No less than 11 proposals were 
received by AEC for performance of 
test irradiation services, instead of 
the four expected (NU, Jan. ’59, 
24). Bidders were: Aerojet-Gen- 
eral; Babcock & Wilcox; Curtiss- 
Wright; Ford Instrument; General 
Electric; Industrial Testing Reactors 
Inc. of Charlotte, N. C.; Purdue Uni- 
versity; Republic Aviation; Westing- 
house; the Kaiser-ACF—Lockheed— 
Phillips group; and Texas Engineer- 
ing Experiment Station of Texas 
A.&M. College. 


Anti-PRDC Unions Still Anti 

The three labor unions interven- 
ing in the PRDC reactor-safety case 
have filed more than 30 exceptions 
to AEC’s recent initial decision up- 
holding its construction permit for 
the Lagoona Beach, Mich., fast 
breeder (NU, Jan. ‘59, 23). A 
union spokesman threatened Federal 
court action if AEC’s final ruling also 
upholds the permit. 


Two Test Reactors, Experimental Unit Observe Noteworthy Milestones 





GETR, left, (see p. 27), photographed just before completion, with reactor vessel at 
lower center. WTR (Westinghouse Test Reactor), is in center, with 95-ton, 33-ft 
high reactor vessel being tilted into upright position inside vapor container; WTR 
is to be completed in spring. At right is SPERT-3, with reactor tank top and 
control-rod drive mechanism visible at top center; small white tank below is 
pressurizer; at left is one end of one of two heat exchangers 
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Reactor News 


WESTINGHOUSE REACTOR BACKLOGS UP AGAIN 


In his annual year-end statement, Westinghouse Board 
Chairman Gwilym A. Price reported that billings for 
1958 are expected to exceed those of the previous year 
for the fourth consecutive time (NU, March ’57, R7; 
Jan. ‘58, 28). Atomic backlogs at year’s end are ex- 
pected to be about 30% higher than in 1957, he said, 
most of it being work for the nuclear navy. 


YANKEE STARTS BUILDING SPHERE 


“They started to plant an acre of steel plate in the sky 
at Rowe, Mass.,” Yankee Atomic Electric said when 
Chicago Bridge & Iron began work on the 125-ft dia, 
1,800-ton steel sphere 30 ft off the ground that will en- 
close the Yankee reactor. Yankee engineers pointed out 
that the $1.5 million elevated sphere (dotted line) differs 


from the other major power reactor enclosures being 


built in the U. S.; the others are partially buried in the 
ground, while Yankee’s sphere has railroad tracks pass- 
ing beneath its bottom hatch, is designed for easy access 
and maintenance. Meanwhile, Westinghouse, builder of 
the reactor, reported that 70% of the engineering and 
10% of the manufacturing for the Yankee plant have 
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been completed. The project is on schedule—a sched- 
ule setting initial operation for late next year. Also, 
Yankee Atomic, which has been financing construction 
of its plant by $13-million common stock and loans from 
member companies, filed its permanent financing plans 
with the Massachusetts Department of Public Utilities. 
Capital requirements for building the $50-million plant 
are estimated at $57-million including first core and cash 
working capital; this is to be met with $20-million com- 
mon stock, $20-million first mortgage bonds and $17- 
million bank borrowings. 


GETR COMPLETED, CRITICAL ... 

General Electric's Test Reactor, second privately-financed 
materials-testing reactor to be undertaken, became the 
first to be completed. The $4-million, 30-Mw(th) 
tank-in-a-pool type facility at the Vallecitos Atomic Lab- 
oratory went critical Dec. 26; space in its varied irradia- 
tion facilities (thermal fluxes up to 2 x 10”) will be 
available to private users this month when GETR is 
brought to full power. GE says the unit will be used 
primarily, at least at first, to test sample fuel elements. 


. . . AND SPERT-3 LIKEWISE 


AEC’s Special Power Excursion Reactor Test-3 (NU, 
Aug. ’57, 68) achieved criticality Dec. 20 at the National 
Reactor Testing Station in Idaho. The $3.5-million 


Vol. 17, No.{2 - February, 1959 


high-pressure, high-temperature water-moderated and 
-cooled facility is designed to find basic explanations for 
reactor behavior under runaway conditions; all opera- 
tions will be conducted remotely, from a control center 
half a mile away, “since tests approach reactor destruc- 
tion.” The facility consists of a reactor vessel 4 ft 
dia x 19 ft high, containing a highly-enriched-uranium 
core of 60 plate-type, stainless-clad fuel elements and 
eight wheel pe carrying fuel sections; a pressurizing 
tank, and two primary coolant loops with heat ex- 
changers. It is designed for maximum versatility, to 
give the widest practical range of control over three 
variables: temperature (68-668° F), pressure (atmos- 
pheric to 2,500 psi), and coolant flow rate (0-20,000 
gpm, with heat-removal capacity up to 60 Mw over 30 
minutes). The unit can thus be used to study con- 
ditions of both pressurized- and boiling-water reactors; 
AEC expects it “to contribute significantly to a better 
understanding of reactor self-limiting and occasional in- 
stability characteristics exhibited in more than 750 ex- 
cursions in SPERT-1” since that reactor started up in 
July 1955. SPERT-2, an advance over the open-tank 
SPERT-1, is still under construction; it will continue the 
same type of studies but with special emphasis on how 
various moderators and reflectors, including heavy water, 
influence reactor behavior. SPERT-3 will study tran- 
sients starting from different initial conditions of tem- 
perature, pressure and coolant flow. Phillips Petroleum 
designed and is operating SPERT-3; Paul Hardeman Inc. 
was construction contractor, and Stearns-Rogers Manu- 
facturing Co. executed the detailed design. 


BROOKHAVEN DEDICATES MEDICAL CENTER 


The $6.5-million medical research center at Brookhaven 
National Laboratory, begun in mid-1956, was dedicated 
Dec. 16. It includes a 1-Mw/(th) water-moderated and 
-cooled medical reactor, world’s first to be designed 
specifically for medical use, a 48-bed hospital for re- 
search patients, and laboratories. The reactor, to start 
operation early this year, will deliver a treatment beam 
with a neutron intensity 50x greater than that of the 
Brookhaven air-cooled research reactor with which BNL 
pioneered the radioactive boron treatment for brain tu- 
mor. 


SCHOOL DAYS . . . AT SHIPPINGPORT 


A training program for supervisors of nuclear power 
plants has been established at the Shippingport Atomic 
Power Station by AEC, and will be conducted for it by 
Duquesne Light Co., operator of the PWR. The course, 
lasting six months, will enroll 25 U. S. and foreign par- 
ticipants every three months for lectures and practical 
plant work; the first course started Jan. 5. Tuition is 
$2,000, “to cover associated operating costs.” U.S. and 
foreign organizations engaged in or planning nuclear 
power projects will be invited by AEC to nominate par- 
ticipants, who will be chosen by a selection board. En- 
trance requirements include a college engineering or 
science degree, or equivalent training. The course is be- 
lieved to be the only one of its kind anywhere offering 
operational training at a full-scale nuclear plant. 


WESTINGHOUSE TO SELL AGN UNITS ABROAD 
Westinghouse and Aerojet-General Nucleonics, leading 
makers of power and research-training reactors respec- 
tively, have entered a distribution agreement: Westing- 
house will market abroad and export AGN’s line of six 
small reactor types through its world-wide organization. 
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World News 


IAEA Disappointed on Fuel Bids .. . 


When, responding to IAEA’s invitation to bid on supply- 
ing three tons of natural U (NU, Jan. ’59, 22), Canada 
offered to furnish the metal free (for resale to Japan 
at a price “bearing a reasonable relationship to current 
mnt price”), IAEA Director-General Sterling Cole 
termed the offer “an inoculation of encouragement”; he 
cabled Ottawa that the action “serves as inspiration to 
the Secretariat and provides a constructive example for 
future support of the Agency.” However, NUCLEONICS 
learned, IAEA executives are deeply disappointed over 
the poor response to their call: they had hoped for 
enough bids so that a wide sampling of prices could be 
compiled on which to base a “current world market 
price”—but only three of ten nations invited to bid did 
so. Not only this: IAEA lobby talk puts main blame 
on Canada “which seeks to learn about world market 
prices without showing its own hand.” The Belgian 
and U. S. commercial offers are held to be too far 
apart to be an earnest basis for computing a world price. 
Later, IAEA accepted the Canadian offer; resale price 
to Japan will be $35.50/kg for the 3,000 kg. 


. . » Busy Month for IAEA 


During December, IAEA: appointed Paul Ruegger of 
Switzerland, a member of the Hague Permanent Court 
of Arbitration, chairman of a panel on third-party liabil- 
ity problems in the atomic field; issued its first technical 
publication, a comprehensive handbook on safe handling 
of isotopes; postponed implementation of a resolution to 
compile data on the technology and economics of small 
and medium-size power reactors and on the needs of 
underdeveloped countries for nuclear power; completed 
an agreement for collaboration on common problems 
with the Food and Agriculture Organization; awarded 
a study contract to the Univ. of Trieste on a new method 
of detecting fast neutrons; and saw conclusion of the 
first session of its expert panel on waste disposal at sea. 
IAEA will hold an international conference, probably on 
radiochemistry, in Warsaw this September. 








France Opens Door to Euratom Utilities 


A new French law authorizes state-owned Electricité de 
France to enter joint ventures, with private power com- 
panies in the other five Euratom countries, to build 
nuclear power plants in France. EDF must hold at 
least half the stock in the French corporations jointly 
set up under the provision; EDF would operate the 
plants, and the power produced would be split in the 
same ratio as the stock holdings. 





Bone-Marrow Transplants Aid Yugoslav Victims 


¥ lants of bone marrow, believed to have been 
recon. out on humans for the first time, have apparently 
saved the lives of five of the six Yugoslavs flown to Paris 
in October for treatment after a reactor accident at the 
Boris Kidric Nuclear Energy Institute near Belgrade 
(NU, Nov. ’58, 28; Dec., 26). The Curie Foundation 
states the five survivors have passed through the most 
pe pee period and continue to improve; as a result 
of the marrow transplants, donated by volunteers, their 
blood chemistry has become practically normal. They 
are still under close medical supervision, however, not 
yet being convalescent and the after-effects of marrow 
transplant not being yet known. 





Hamburg A-Ship Group to Buy Reactor 


Gesellschaft fiir Kernenergieverwertung in Schiffbau und 
Schifffahrt, the Hamburg nuclear ship study group (NU, 
Nov. ’57, 87), is ready to place a preliminary desi 

order for a ship reactor. The decision is expected to Be 
in favor of an organic moderated unit from Interatom, 
joint subsidiary of Atomics International and the Duis- 
burg firm Demag (NU, Jan. 58, 18). Meanwhile, East 
Germany has embarked on a nuclear ship project, with 
a study at a Warnow shipyard for a 1,500-ton vessel. 





German Developments 


AEG has started to build a 10-watt reactor at its Frank- 
furt-Niederrad research center, to do neutron flux meas- 
urements for the preliminary design order for SKW’s 
100-150 Mw(e), $26-29-million power plant (NU, Jan. 
"59, 20). . . . Two research reactors, one each in East 
and West Germany, reached full power last month: the 
50-kw solution type at Frankfurt, and East Germany’s 
first and only reactor, the 2-Mw(th) Russian-supplied 
water reactor at Rossendorf near Dresden. . . . Farb- 
werke Hiéchst also placed its $2-million heavy water 
plant into full-scale operation (NU, Sept. 57, 31)... . 
East Germany and Poland set up a joint agency to moni- 
tor airborne radiation along the border and in the Baltic. 





Two Commonwealth Reactor Proposals 


Mitchell Engineering Ltd. of London has proposed to 
the government of British Guiana a 21.5-Mw(e), $14- 
million nuclear power plant to be paid for on the in- 
stallment plan. The reactor would presumably be a 
boiling water unit supplied by Mitchell's nuclear partner, 
AMF Atomics. . . . Australian authorities are under- 
stood to be studying the possibility of including a nu- 
clear base-load station as part of the giant $1-billion 
Snowy Mountains hydroelectric scheme. 





British to Simulate Entire Plant 


A complete simulation system for a nuclear power plant 
will be installed for training purposes next Hwee Elliott 
Bros. of London at the Berkeley station. The equip- 
ment will simulate a graphite-moderated, gas-cooled, 
natural-U-fueled reactor complete with its steam-raising 
and power generation side. 





AEA Hunting Beryllium in Rhodesia 


The U. K. AEA is intensifying its study of beryl deposits 
in Southern Rhodesia, looking ahead to the leans 
clad fuel for its advanced gas-cooled reactors. It is 
carrying out an aerial survey of radioactive deposits, of 
which two important finds have been made in 1958. 





Poles to Start Second A-Center 


A second Polish institute for nuclear research will be set 
up this year in Cracow. EWA, the research reactor at 
Swierk, has averaged only 65 hr/wk operation due to 
personnel shortages; new training courses have been 
instituted. 


Italian Items 


CNRN, Italy’s National Committee for Nuclear Re- 
search, has submitted to the government a $75-million, 
five-year program to bring Italy to the level of other 
leading European countries in nuclear work, both re- 
search and power production . . . The 1.2-Bev electro- 
synchrotron at Frascati, first nuclear machine designed 
and built entirely in Italy, has been successfully tested. 
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News in Brief 


Atom’s Impact on Local Government Studied 

AEC has given a 6-month, $14,860 contract to the 
American Municipal Assn. for a report on the impact 
of private atomic energy activities on local government; 
AEC indicated it was particularly interested in health 
and safety, fire protection and zoning on local levels. 
The report will be prepared by the AMA staff, in con- 
sultation with Hareld Sandbank, an adviser on com- 
munity and industrial development, Washington, D. C. 


AEC Readying Proposed Criteria on Safety 

The Hazards Evaluation Branch of AEC’s Division of 
Licensing and Regulation is to publish soon 
the first yae at setting out criteria for judging the 
safety of nuclear facilities (as part of a revision of 
AEC’s licensing regulations for production and _utiliza- 
tion facilities). The revision was to be reviewed in 
January by the Advisory Committee on Reactor Safe- 
guards, by representatives of industry, and by other AEC 
safety advisors before formal publication as a Com- 
mission regulation. It would include: (1) more definite 
procedures for licensing, including review at the site- 
selection, construction-permit and licensing stages; (2) a 
comprehensive outline of data required in hazard sum- 


mary reports; (3) a list of criteria by which projects can 
be judged, including an indication of acceptable ranges; 
and (4) an assurance that criteria would not be rigid, 
to allow for circumstances that may require modifications. 


Charges Set for U, Pu Research Use 

Base charges of $15/gm U™ and $12/gm plutonium 
have been established by AEC for supply of these mate- 
rials to U. S. and foreign consumers doing research and 
development work; the material is leased in this country 
at 4% annually but can be sold to foreign users whose 
governments have bilaterals with the U. S. 


Low-Cost Radiation Detector for Homes Developed 
“Banshee,” a miniature radiation warning device for the 
home that can be made for under $5 has been developed 
in four months, Tracerlab announces. The unit, using 
standard components, is plugged into radios—table, 
portable or auto; it remains inactive until exposed to 
radioactivity, and then sounds a wailing alarm through 
the radio loudspeaker—or that of a TV or any audio set. 
It can be made sensitive to as little as 100 mr/hr, at 
which point it would emit a popping sound; as concen- 
tration increases to 1 r/hr, the warning would build up 
to a high-pitched wail. Since the sound level rises or 
falls with the concentration of activity, the device can 
be used, Tracerlab says, to lead persons out of radiation 
danger areas. The project arose from AEC Commis- 
sioner Willard Libby's call for an inexpensive, depend- 
able device to provide a widespread a network for 
civil defense. 


AEC Offers Radiation Grants to Campuses 


Adding a little more muscle to its radiation develop- 
ment program, AEC has announced a grants-in-aid pro- 
gram to assist colleges and universities to acquire radia- 
tion teaching equipment. Under a similar program in 
the nuclear-engineering and physical-sciences fields, AEC 
has awarded more than $10-million to educational insti- 
tutions; most recently $2,264,965 went to 41 campuses 
for research reactors and other equipment. AEC did 
not commit itself to any specific outlay for the campus 
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radiation p but it offered “direct assistance . . . 
in obtaining onstration a’ tus, student laboratory 
uipment and — aids needed to offer adequate 
laboratory course work in radioisotopes.” The grants 
pro is designed to increase the scientific manpower 
qualified to participate in industrial-radiation growth. 


Hanford Reactors Get Safety Modifications 

In a routine announcement that it was withdrawing its 
objection to the opening of 105,500 acres of land near 
the Hanford Works, AEC disclosed last month that it 
was increasing the containment ability of Hanford’s re- 
actors by improving the airtightness of the reactor build- 
ings and stepping up air-filter capacity. The modifica- 
tions were recommended by the Advisory Committee on 
Reactor Safeguards. With the improvements, AEC 
notified the Interior Dept. that the Wahluke Slope area 
across the Columbia River from Hanford could be de- 
veloped and settled for farming, though “a small degree 
of hazard” continues so long as Hanford is active. 


AEC Shrinking U-Milling Services 
The 600 tons/day uranium-processing mill operated for 
AEC by National Lead at Monticello, Utah, will be 
moth this summer, according to Allan E. Jones, 
a? ane of the Grand Junction Operations Of- 
ce. Jones also said AEC was gradually reducing its 
personnel at Grand Junction under a long-range program 
to get out of the U-mining and -milling field. 


AEC Hears from Texas—on Waste Disposal 

AEC’s proposal to license a Houston firm for sea dis- 
posal of radioactive wastes ran head-on last month into 
protests from six different Texas sources: Houston's 
county government (Harris County Commissioners), the 
Gulf States Marine Commission at Corpus Christi, the 
Laguna Madre Fisherman’s Assn., the Sportsmen’s Club 
of Texas, and two private citizens. A public hearin 
on the license application of Industrial Waste Di 
Corp. was scheduled at Houston on Jan. 22 before AEC 
Examiner Samuel Jensch. AEC, which ordered the 
hearing on its own initiative because none of the protests 
was a formal petition to intervene, said its staff would 
appear at the hearing and recommend issuance of the 
license. Industrial Waste would dispose of wastes in 
the Gulf of Mexico from a storage point in Houston. 


Industry Briefs 

AEC has renewed for five years the nonprofit contract 
of Sandia Corp. for the operation of the Sandia Labora- 
tory, Albuquerque, N. M., and Livermore, Calif. The 
melee 2 and -development lab has grown to a 
$73-million facility employing more than 7,700 persons 
(500 at Livermore) since its creation in 1949. . . . Nu- 
clear Science and Engineering Corp. has been awarded 
a major radiation-development contract by AEC. The 
radioisotope contract covers development of a metal- 
marking technique, a low-level technique for measuring 
machine-tool wear, an improved gauge for measuring 
liquid levels in large sealed tanks, and a high efficiency 
gamma counter. The Commission also extended for 
another year NSEC’s analysis of fallout samples for the 
AEC Health and Safety Laboratory (NSEC has been 
participating in the program since 1954)... . Nu- 
clear Materials and Equipment Corp. has contracted 
with AGIP-Nucleare, Milan, Italy, to supply 300 alum- 
inum-clad fuel elements for AGIP’s Argonaut-type re- 
search reactor—now under construction; subcontractor 
for the cladding is M & C Nuclear. 
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Westinghouse Sells 5-Mw 
- Water Reactor to GPU 


Westinghouse has sold a small— 
5-Mw(e)—pressurized-water power 
plant to Comal Public Utilities 
Corp. for use as a “hook-on” power 
source at an existing station on the 
grid of its Pennsylvania Electric Co. 
near Saxton, Pa., 25 mi south of 
Altoona. GPU had been weighing 
the step since August 1957. 

The unit will have one power loop 
and a loop for experiments to “wet 
vide data for design of a nuclear 
superheater. It will be fueled with 
stainless-clad uranium oxide. West- 
inghouse’s fixed price is $6.25-mil- 
lion; construction schedule allows 30 
months from contract signing to 
criticality, expected in summer 1961. 


SNAP-3 Unveiled, Works 


Hailed as an important break- 
through on the road to direct con- 
version, SNAP-3 (NU, Aug. ’58, 25), 
a 5-lb polonium-operated thermo- 
—_ device was unveiled by AEC. 

ith the electrical output of 1,450 
Ib of batteries, it has a one-year life, 
8-10% efficiency, no moving parts. 


Pentagon Asks More Pu 


Reversing long-set policy, the De- 
fense Dept. has asked for a sub- 
stantial increase in production of 
plutonium for its weapons program, 
agreeing with Pancloone recommenda- 
tions of the Joint Chiefs of Staff 
which it had previously been reject- 
ing since 1956 (NU, June ’58, 22). 
The Pentagon is reported to have 
established long-range Pu require- 
ments for the first time; they are far 
in excess of present capacity. 


Eight More Universities 
Installing Small Reactors 
Eight U. S. universities made news 
with research-training reactors in 
the past month. Wyoming bought 
an Atomics International L-77 so- 
lution-type reactor. Wisconsin and 
Washington received $150,000 grants 
from AEC toward purchase of small 
reactors; Washington has selected an 
Argonaut. Arizona placed its new 
Triga in ration. Oklahoma an- 
nounced plans to buy an AGN-211 
small pool from Aerojet-General 
Nucleonics, and to build a simulator, 
hot lab and isotope lab. Rice Insti- 
tute, Houston, Tex., is also getting 
an AGN-211, and obtained an AEC 
operating license for it. Stanford is 
negotiating with GE for a 10-kw 
1. And Kansas will buy a 10- 
tank-type from Bendix. 


NUCLEONICS Statistics of the Month 


Y.S. Nuclear Projects in Progress 


including salés abroad 
{millions of dollars) 


Feder! 


funds-__ — 


: 


Sheg Private — 
fe funds 


Nuclear Contracts *— 
Contracts awarded for federal projects ($10*) 
Proposed construction, privately-owned ($10*) 
Contracts awarded, private work ($10*) 
Backlog of private projects ($10°) 


4,145 
0 
24,500 
276 


—_—~ 


Month 
ago 


4,196 
23,000 
0 
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Isotope Use t— 
Applications for isotope use 
Cumulative total of isotope users 
ORNL shipments (curies) 
Public and private export shipments 


706 
4,568 
5,823 

377 


574 
4,426 
29,053 
242 


438 
3,392 
1,134 

222 





Employment t— 
AEC employment 


6,790 


Construction and design contractors’ employment 11,039 


Total operating contractors’ employment 
Production workers 
Research and development employees 
Miscellaneous workers 


103,702 
51,263 
46,642 

5,797 


6,858 
11,894 
04,307 
51,529 
46,639 

6,139 


6,808 
11,692 
97,195 
50,294 
40,741 

6,160 





U. S.-built Reactors $— 


Operating Building Contracted 


Power, domestic 

Power, for export 

Power experiments and pilot plants 
Military and naval 

Research and test, domestic 
Research and test, for export 


Total 


Foreign-built Reactors $— 
Power, domestic 
Power, for export 
Research and test, domestic 
Research and test, for export 
Total 


1 


7 
1 
4 
23 
19 
13 


67 


23 
1 
15 
6 


45 


7 
3 
1 
22 
47 
10 


90 


* From Construction Daily, 2 McGraw-Hill periodical ¢ From AEC { nucizonics figures 
February, 1959 - NUCLEONICS 





: 
’ 


/ 


ALL-NEW RCLiac 128 
Performs MULTI-ANALYZER and MULTI-SCALER Operations 


NOW BEING DELIVERED 


The ultimate in transistorized reliability, the versa- 
tile RCLiac 128-Channel Scaler-Analyzer performs 
every operation from scintillation spectroscopy 
through gross counting. Rugged, Compact and 


Compact: 21” high x 19” wide x 24” deep 
Portable: Weighs 115 pounds 


Power Requirements: 125 watts 


The RCLiac 128 consists of six plug-in modules: 


Display. Direct Number or Curve display on 
Cathode Ray Tube. 


Memory. Stores 1,000,000 counts per 
channel. 


Power Supply. Supplies all voltage neces- 
sary for instrument operation and nega- 
tive high voltage from 600 to 1500 volts. 
Stable to 50 parts per million when used 
with well regulated line. 


A.D.C. Overall amplifier gain — 1,000. In- 
tegral linearity of analog to digital con- 
verter is less than +1% for channels 5 
through 128. 


Control. Automatic pre-set time from 0.19 
seconds to 28 hours. Pre-set count from 
2' to 274, 


Adder. Addition and subtraction accom- 
plished by logical decimal arithmetic cir- 
cuits. Complementing unnecessary. 


Portable, the RCLiac 128 may be used both in the 
field and the laboratory as a 125-channel scaler, 
a 128-channel analyzer, two 64-channel analyz- 


ers or four 32-channel analyzers. 


te RADIATION COUNTER 
ere felhitelale]| 
information, EX 
a LABORATORIES, 1. 
Dept. 129, 
5121 W. Grove, Skokie, Ill., U.S.A. ORchard 3-8700 
Today 





REACTOR PLANT 


Containing reactor and 


primary sodium coolant system 


SODIUM PLANT 


| A'S (Housing secondary 
i f= 4 a i sodium pump) 
Ce 


PROCESS PLANT 


(For processing and 
el -lataclitile Matt 1) 


Diagram of EBR-II courtesy Argonne National Laboratory 


THIS SODIUM-COOLED REACTOR 
WILL BE AN IMPORTANT YARDSTICK 
FOR COMMERCIAL NUCLEAR POWER 


Experimental Breeder Reactor-I1 (EBR-I1)—Argonne’s sodium-cooled, 
fast breeder reactor and power plant—will provide performance data 
that can be directly extrapolated to a commercial plant. 


FIVE OTHER 
SODIUM-COOLED REACTORS 


Experimental Breeder Reactor-! 


Target completion date for EBR-II, 
now under construction at Arco, 
Idaho, is April 1960. In operation, 
the reactor will produce 62,500 ther- 
mal KW, which will be converted to 
20,000 electrical KW through a con- 
ventional steam cycle. 

Tandem liquid sodium heat ex- 
change systems are employed. So- 
dium in the radioactive primary loop 
enters the reactor at 700° F. and 
leaves at 900° F. Sodium in the non- 
radioactive secondary system enters 
the heat exchanger at 610° F. and 
leaves at 880° F. to generate steam 
at 1250 psig and 850° F. 

EBR-II is as near to a prototype 
central station nuclear power plant 
as is possible in the design of such 
an experimental plant. Consequently, 
it is expected that costs and per- 
formance standards for full-size 
plants can be extrapolated from data 
developed during its operation. Thus, 
the economic feasibility of such a 
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reactor can be established. 

Operation of EBR-II at high tem- 
peratures and its resultant high ther- 
mal efficiency are possible because 
liquid sodium has a high boiling 
point. Sodium’s other advantages as 
a heat exchange medium include its 
high thermal conductivity, relatively 
low melting point, low neutron ab- 
sorption, high heat transfer rate, 
ease of pumping, freedom from cor- 
rosion in the absence of impurities, 
and low cost. 

For further information on so- 
dium, write for the U.S.I. brochure, 
“Handling Metallic Sodium on a 
Plant Scale.” If you have special 
problems, callus fortechnical service. 


(EBR-1) NRTS, Arco, idaho — fast 
breeder, sodium-potassium cooled 
— 15,000 KW (operational) 


Sodium Reactor Experiment (SRE) 
Santa Susana, Calif. — graphite- 
moderated — 6,500 KW (opera- 
tional) 


PRDC Fast Power Reactor, Mon- 
roe, Mich.—fast breeder— 100,000 
KW (under construction) 


Consumers Public Power District, 
Hallam, Neb. —graphite-moderated 
—75,000 KW (design stage) 


Chugach Electric Association, An- 
chorage, Alaska — heavy water- 
moderated— 10,000 KW (develop- 
ment stage) 


)USTRIAL CHEMICALS CO. 


sion of Nation 


tillers and Chemical Corp 


99 Park Avenue, New York 16, N. Y. 
Branches in principal cities 
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Specialists In 
(liverse 
reactor design 


After years of experience designing and install- 
ing a variety of reactor types, ACF now offers 
a wide range of “standard” reactors. Present 
ACF-designed nuclear facilities are located in 
the U. S., Italy, the Netherlands, and Sweden. 
Each installation presented a new problem and 
required a new solution. 


HEAVY WATER TANK TYPE 


With a background of success in diverse re- 
actor designs, ACF has acquired the experience 
and capabilities to solve your reactor problems. 
If your requirements extend beyond the scope 
of our “standard” designs, ACF will custom de- 
sign a reactor to fit your specific needs. 


a ee 5 ee 


tal consultation 
eering and design 
Nuclear physics calculations 
' e Site investigation and preparation of 
- hazards report 


e Manufacture and test of all equipment 
and instrumentation 
af e Reactor installation and 
| i . a. construction supervision 
e Start-up supervision 


f \S Cop . . : a e Operator training 
res on es a For more information on how ACF can help you 


ei 
a . = solve your nuclear problems, write to: 
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NUCLEAR PRODUCTS-ERCO 
Division of GCF Industries Incorporated 
508 Kennedy Street NW Washington 11. 0.C 





Beginning February 11th on CONTINENTAL CLASSROOM: 
A COLLEGE-ACCREDITED TELEVISION COURSE IN 


Nuclear Physics 


If you’d like to learn more about atomic and nuclear physics . . . if you’re 
working towards an advanced degree . . . call your NBC-TV station now for 
full information. More than 250 colleges and universities are now accepting 
registrations for audit or credit. 


Course will provide: 

Technical knowledge of atomic and nuclear physics—with demonstrations, experi- 
ments, and special lectures on new developments by Nobel Prize winners and 
other distinguished physicists. 


Conducted by: 

Dr. Harvey E. White, vice chairman of the physics department at the University 
of California, consultant to the Atomic Energy Commission, and author of the 
most widely used college text on physics. 


College credits: 

More than 250 colleges and universities are cooperating with the American Asso- 
ciation of Colleges for Teacher Education to accept enrollments of, provide ex- 
aminations for, and assign credits to any TV students who satisfactorily complete 
the course. Tuition will be set by each institution. Call your NBC-TV station for 
details. 

Televised coast to coast: 

Over 150 commercial and educational stations, in conjunction with NBC-TYV, will 
present this course, 14-hour each weekday, from February 11th to June 5th. Check 
local T'V listings for time and channel of CONTINENTAL CLASSROOM. The 
first semester, now in session, can show you how the course is conducted. Why 
not tune in tomorrow? 


U. S. STEEL proudly joins the Ford Foundation, 
the Fund for the Advancement of Education, and 
five other corporations in financing this splendid 
program—and in urging you to enroll. Call your 


NBC-TV station now for more information. 
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Model 489 
10 curies Iridium 192 


radiographs ees 
%” steel in 6% minutes 
(at 30” distance) 


. or 


Into a sturdy lightweight fiberglass case no bigger than an 
overnight bag Tech/Ops has compacted a ready-to-go 
radiography unit. Complete with a 15 foot control cable 
and a 14 foot source-guide cable it weighs only 58 Ibs. 


Its 10 curie Iridium 192 source (5.5 RHM output) will 
easily radiograph steel sections up to 2” thick in realistic 
exposure times. Great for pipeline work—it will take the 
full girth weld of an 8” diameter 1” thick steel pipe in four 
minutes. Great for radiography in tight spots—the whole 
works will pass through any opening a man can get through 
and the snout and guide cable will poke through a 12” hole. 


All this for only $1575.00 complete (without source). 


P.S. It will also handle a 50 curie Thulium 170 source if you're 
inspecting light metals. 


“on-the-job” 
radiography 


100 curies Iridium 192 
radiographs 
%” steel in 30 seconds 

(at 30” distance) ! 


£ Model 490 


Here’s a mobile powerhouse—a free wheeling isotope 
radiography unit that can easily handle the heavy stuff. 100 
curies of Iridium 192 (55 RHM output) will radiograph, 
in one shot, the full girth weld of a 142” thick steel pipe 
eight feet in diameter in 6% minutes. 


For all its power the unit is surprisingly lightweight— 

only 135 Ibs. (it has an all-aluminum carriage). Rutty plant 
yards hold no terrors for the big balloon tires on which 

it rides. A 25 foot control cable and a 21 foot source-guide 
cable are carried on a front-mounted reel—pay out easily 
on the job, coil up smoothly for transport to the next one. 


All this for only $2300.00 complete (without source). 
For details on these units or any of the other machines or services 


listed below call any Picker Branch Office (see local phone book) 
or write Picker X-Ray Corp, 25 So.Broadway, White Plains, N.Y. 


for everything in industrial radiography 


portable x-ray units—130 KV, 140 KV, 160 KV, 200 KV, 260 KV 


x-ray units—35 KV Beryllium window, 90 KV, 155 KV (stationary and mobile), 
270 KV portable, intensified image fluoroscopes 


at Electric Boat Div. General Dynamics Corp. 


units for isotope radiography—sources, equipment, ‘containers for Iridium *%? 
Cobalt *° Thulium *7° and Cesium *9” 


... films, tanks, darkroom sundries illuminetors, everything 
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NOW! no batteries or standard cells 


in Zlectronik potentiometers 


The new Honeywell Continuous Voltage Stabilizer makes 
batteries, standard cells, and standardizing mechanisms 
unnecessary in new Brown ElectroniK circular or strip 
chart potentiometers. This new unit accurately regulates 
the D-C reference voltage supply to the measuring circuit. 
Standardization is no longer necessary. 


The small compact stabilizer unit uses Zener diodes and 
an ambient temperature compensator to deliver a con- 
stant rectified voltage from line supply. This enables the 
instrument to respond to changes in the measured vari- 
able without interruption. 


Each Continuous Voltage Stabilizer means more depend- 
ability, less maintenance, continuous attention to the 
measured variable, and still another reason why ElectroniK 
instruments are your best value in measurement and 
control. These improved ElectroniK instruments will be 
available for delivery April 1. Get complete details from 
your nearby Honeywell field engineer . . . he’s as near 
as your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim Ave- 
nues, Philadelphia 44, Pa. 


Honeywell 
A) Fhe Couteol 
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STAINLESS STEEL 
AUTOCLAVE 


and VOLUTE 
Shop Fabricated 


by (Heteaburgh 


This autoclave and volute assembly is typical of the work that goes 
through Pittsburgh Piping shops. Fabricated of Type 304 Stainless 
Steel, it is complex in design and is built for high pressure, high 
temperature service. This type of fabricat- 

ing is a “natural” for Pittsburgh Piping. 

We pioneered the application of austenitic 

if steel piping materials for central stations 

; : operating at 1050°F. and above, 

and fabricated the piping for the 

world’s first atomic-powered 

submarine and central station. 

Highly specialized methods, ma- 

chines, and apparatus have been 

developed and are employed in 

this work. Use them on your 

high temperature, high pressure 


piping jobs. 


Promoting Progress IN POWER AND PROCESS PIPING 


7779 AMO EQUIPMENT COMPANY 


158 49th Street —Pittsburgh, Pa. 











Canada: CANADIAN PITTSBURGH PIPING, LTD., 68 YONGE STREET, TORONTO, ONTARIO 


Atlanta. .............. Whitehead Building Cleveland o sine Public Square Building 
Chicago earns Peoples Gas Building New Orleans : P.O. Box 74 
New York Woolworth Building 
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Another L&N control system 
guides operation of research reactor 


At Massachusetts Institute of Technology, scientists depend on L&N instrumentation for control of their 
new research reactor. Designed by Dr. Theos J. Thompson of MIT and constructed by ACF Industries, 
this heavy water reactor facility is located in the heart of Cambridge. Specifications demanded not only 
accurate and dependable controls, but also, the necessary engineering experience so important to the safe 
and successful instrumentation of a reactor. Both were supplied by Leeds and Northrup. 

For the MITR system, standard Speedomax® G Recorders monitor radiation, temperature, heavy 
water flow and temperature difference. A Speedomax G X-X Line Recorder computes the thermal power 
from D.O flow and temperature difference. Speedomax H Recorders chart log count rate, log N, 
temperatures, and reactor power. A discontinuous P.A.T. servo amplifier positions the control rod 
automatically to regulate reactor power level, with an 18-range micro-microammeter following flux 
from start-up to operating level. 


For our new booklet “Nu- 
clear Power Reactor Control 
Systems,” write Leeds and 
Northrup Co., 4936 Stenton 
Ave., Philadelphia 44, Pa. 
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In 1952 Pioneer joined with other groups, all report- 
ing to the Atomic Energy Commission, for constant 
study of atomic energy application. Today Pioneer 
is qualified as a consultant to industry in the 
application of atomic reactor systems to the gener- 
ation of electric power. Presently, Pioneer is acting 
as architect-engineer and supervisor of construc- 
tion of the 66,000 kw commercial atomic power 
plant shown here. Allis-Chalmers Mfg. Co. is the 
prirne contractor. Scheduled for 1962 completion, 
the plant, for the Northern States Power Go., will 
be known as the ‘Pathfinder’. 


ATOMIC 


Organized as Central Utilities Atomic Power Asso- 
ciates, these utilities will share in the research and 
development costs: Northern States Power Co., 
Central Electric and Gas Co., Interstate Power Co., 
lowa Power and Light Co., lowa Southern Utilities 
Co., Madison Gas and Electric Co., Mississippi Val- 
ley Public Service Co., Northwestern Public Serv- 
ice Co., Ottertail Power Co., St. Joseph Light and 
Power Co., Wisconsin Public Service Corp. PIONEER 
SERVICE & ENGINEERING CO., 231 South La Salle 
Street, Chicago, Illinois. 


Pioneer Service 


PROGRESS 


Sketch of ‘Pathfinder’ 
commercial atomic power plant 


On your letterhead, write 
for 40-page booklet, ‘‘Pioneering 
New Horizons in Power". 
Describes, illustrates Pioneer's 
engineering services, and 
corporate services, from 
financing to operation. 


& Engineering Co. 


231 South La Sallie Street, 
Chicago, lilinois 


WY 
AWAY 


ANU 


MA\\IW 
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From the sequential solution of long scientific problems to the mass processing of business data, the versa- 
tile Burroughs 205 electronic data processing system is ideally suited to a wide range of applications. Top 
capacity and speed in the medium price class, complete choice of input-output media, vast external magnetic 
tape storage. At work in many varied industries, the 205 has proven its superior dollar-for-dollar value. Its 
flexibility lets you grow into a larger Burroughs system as your needs increase. Burroughs extensive sup- 
port program provides on-the-spot technical assistance for an advanced and complete line of data processing 
systems...all currently in production. Write for 205 brochure. ElectroData Division, Pasadena, California. 


ot Burroughs Corporation 


“NEW DIMENSIONS/ in electronics and data processing systems” 





NASA blueprint for the future 


. Horizon Scanner 
. Entrance Hatch 
. Pitch & Yaw Jets 
. Packed Parachute 
. Roll Jets 
. Retro-Rockets 
. Inflatable Landing 
Impact Bag 
8. Heat Shield 


NASA Manned Satellite Capsule 


PROJECT MERCURY 


At this moment NASA engineers and scientists 
are hard at work to make Project Mercury a 
reality. And in time a manned satellite will 
become reality ... the result of outstanding 
professional contributions in many disciplines. 
This program to place man in space is typical 
of the projects and goals of NASA, whose re- 
sponsibility it is to direct and implement U.S. 
research efforts in aeronautics and the explora- 


tion of space, for peaceful purposes and the 
benefit of all mankind. 


NASA offers unique opportunities 
in basic and applied research in 
aeronautics and space technology— 


For Engineers: 

Aeronautical, Engineering Physics, Electronic, 
Mechanical, Electrical, Metallurgical, 
Chemical, Civil, Naval Architects. 


For Scientists: 
Astronomers, Physicists, Mathematicians, 
Chemists, Metallurgists. 


Please address your inquiry to the 

Personnel Director of any of the 

following NASA research centers: 

@ Langley Research Center, 
Hampton, Virginia 

@ Ames Research Center, 
Mountain View, California 

@ Lewis Research Center, 
Cleveland, Ohio 

@ High-Speed Flight Station, 
Edwards, California 

@ Beltsville Space Center, 
4555 Overlook Ave., Wash., D. C. 


(Positions are filled in accordance with 
Aeronautical Research Announcement 61B) 


NASA National Aeronautics and Space Administration 


LL @&3; 
42 


February, 1959 - NUCLEONICS 





FOR THE 


NUCLEAR 
PROGRAM 


Several divisions of the Norton Company 
are making important contributions to the 
field of nuclear energy. Some of the products 
that are proving helpful in furthering 
progress in nuclear energy are: 


e Ceramic fuel units, from sample lots 
to full core loadings. 


e Reactor shield and control rod ma- 
terials, particularly boron carbide, in a 
wide range of special shapes. 


e Metallurgical refractories for process- 
ing and reprocessing nuclear fuel ma- 
terials and other unusual alloys and 
metals. 


e Source or intermediate materials, such 
‘as oxides or carbides, for use in produc- 
ing zirconium and other materials for 
reactor construction. 


e Diamond cut-off wheels for dicing or 
wafering — that eliminate waste and as- 
sure dimensional accuracy of the costly 
materials being cut. 


The Norton organization includes an en- 
gineering staff experienced in atomic devel- 
opment — available for cooperation where 
electric furnace products may be of interest. 
Facilities are available for the production 
of, or research in, classified items. For fur- 
ther facts, write to NORTON COMPANY, 651 
New Bond Street, Worcester 6, Mass. 


*Trade-Mark Reg. U. S. Pat. Off. and Foreign Countries 


NORTON 


REFRACTORIES 
Engineered... R ... Prescribed 
Gdaking better products... 
to make your products better 
NORTON PRODUCTS 


Abrasives « Grinding Wheels 
Grinding Machines «+ Refractories 


BEHR-MANNING DIVISION 
Coated Abrasives » Sharpening Stones + Behr-cat Tapes 
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Ceramic Fuel Pellets For Nuclear Reactors. Those illustrated are of a thorium- 
uranium oxide mixture. They are typical of the ceramic fuel el t < ts 
available in a wide range of compositions made to exact specifications. 





These Reactor Parts Are Made Of Boron Carbide, known as NORBIDE* 
— a hard, stable, lightweight material. They absorb neutrons without becoming 
radioactive. Besides the shields and other structural parts shown, Norton boron 
carbide may be molded into control rods, tubes, discs, segments, etc. 


ASSP cage 


/ 


High Purity Refractories Vital To Metallurgy include crucibles, made of 
MAGNORITE* pure magnesia, zirconia and thoria, suitable for melting uranium, 
plutonium, thorium, ete. A special Norton laboratory devoted exclusively to nuclear 
problems is developing other unique ceramics for the atomic program. 
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Built to withstand highly corrosive fluorine-containing gases, 
Monel nickel-copper alloy porous sintered filter elements 


constructed by 


are lowered into shell. 
Purolator 


Entire unit, including housing was 
Products, Inc., Rahway, N. J. 


Filters most corrosive element known 
..-with porous sintered Monel 


This filter reclaims solid particles 
from a gaseous stream containing 
fluorine — the world’s most reactive 
element. It’s made of porous sintered 
Monel* nickel-copper alloy, stands up 
in fluorine service much longer than 
filters of other materials. Housing 
and cover are Monel, too. 

Porous metal filters of Monel and 
other Inco Nickel Alloys are proving 
invaluable wherever corrosion, cyclic 
shock, heat or radioactivity must be 
reckoned with. They’re made with 
pore sizes from 50 down to 0.2 mi- 
crons, + 10%. 


For high-temperature filtering . . . 


particularly above 1000°F, porous 
sintered Inconel* nickel-chromium 
alloy is used ... for filtering such 
materials as molten sodium and 
potassium and removing catalyst 
particles from gaseous products of 
catalytic cracking units. 


For low-temperature filtering . 

handling liquid helium, liquid oxy- 
gen. Here, porous Monel alloy and 
Nickel stand up where glass or cellu- 
lose fibers break up... retain useful 
properties even below minus 450°F. 


In many areas of the expanding 
nuclear industry, Inco Nickel Alloys 
provide useful combinations of cor- 
rosion resistance, strength at both 
low and high temperatures, good 
thermal and electrical properties. 

Our new booklet ‘‘Handling 
Fluorine and Fluorine Compounds 
with Inco Nickel Alloys” shows 
many industry-proven applications. 
Yours for the asking from Inco. 


"Registered trademark 


The International Nickel Company, Inc. 
67 Wall Street yo, New York 5, N. Y. 


_INCO NICKEL ALLOYS 
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NUCLEONICS 


ATOMIC POWER 
NUCLEAR ENGINEERING 


APPLIED RADIATION 


FEBRUARY, 1959 


Let's Eliminate the Public-vs-Private-Power Issue 


FYE since the Atomic Energy Act of 1954 
was passed, there has been a titanic 
struggle going on in the U. S. on the nature 
and scope of our atomic power program. 
The two central questions have been: How 
big? And, by whom? 

Underlying the surface of the debate has 
been a rather basic ideological difference on 
public vs. private power. Although this 
issue is rarely stated in so many words, it is 
uppermost in the thinking of the protago- 
nists of both points of view. 

On one hand, although some of the first 
money spent on nuclear power by private 
industry was motivated by an expectation 
of early economic nuclear power, there is 
little question today that many private 
utilities are putting money into nuclear 
power solely for ideological reasons. 

On the other hand, there is also little 
question that behind some of the impatience 
that some of the advocates of big govern- 
ment nuclear power programs have with 
industry is their basic feeling that it would 
be better anyway for the government to 
develop nuclear power. 


yen disclaimers to the contrary, both 
sides convey the impression that they 
would like to use nuclear power to shift the 
relationship between public and private 
power in the U. S. 

It is inevitable that all the arguments on 
both sides will be dragged out again in the 
upcoming Congressional debate on nuclear 
power policies. And, it is inevitable that 
at center stage will be the matter of the 
cancellation of the Pennsylvania Advanced 
Reactor project (see NU, Jan. ’59, p. 28, 
and p. 61, this issue), which was dropped by 
Pennsylvania Power and Light and West- 
inghouse because they decided a prototype 
was necessary before building a full-scale 
plant. 

It should be recognized that the PAR 
project was conceived privately and fi- 
nanced privately. It did not forestall any 


project that might have been undertaken 
by the government. For $9-million of 
private money, the country learned a great 
deal about the concept being studied. 


a these facts, the PAR case high- 
lights the problem faced by the U. 8. on 
how to achieve economic nuclear power in 
the shortest time and the most orderly fash- 
ion. (The recent study by the staff of the 
Joint Committee on Atomic Energy empha- 
sizes the general agreement that now exists 
on the need to get ahead with the job.) 
The basic issue still is the public vs. private 
power controversy. If this issue can be 
eliminated, the real decisions that must be 
made can be faced with greater clarity. 

With this in mind, we recommend the 

following amendments to the Atomic 
Energy Act: 

1. All electricity-producing experimental nuclear 
power reactors paid for in entirety by AEC shall 
be built at existing AEC sites. 

2. AEC shall build no electricity-producing nu- 
clear reactors that would be reasonably expected 
to produce power from the first core at a cost 
less than 125% of the cost of power from a new 
conventional plant of similar size in the highest- 
cost geographic area in the U. 8. in which a plant 
of its size might be built on a commercial basis. 

. At any one time, the electricity produced from 
nuclear reactors at an AEC site shall not exceed 
the electric-power requirements of that site 
This may require that at any one time not all 


experimental power reactors in operation at a 
site will have generators connected. 


There is little question that these amend- 
ments would impose some inconveniences 
and limitations on AEC. But the benefits 
to be gained would be considerable. Even 
with the public preference proviso (Sec. 44) 
still in the law, the basic issue will essen- 
tially have been eliminated. Then the 
common goal for all will be: economic 


nuclear power. 





The Army 
Reactor Program 


U. S. military installations overseas now number in the hundreds. In size 
they range from small radar and signal stations with power demands of a few 
hundred kilowatts to large industrial complexes such as major air and naval bases 
requiring 20 Mw(e) or more. At present, diesel or gasoline units supply these 
bases with the necessary electric power and space heating. The replacement of 
these fossil-fueled units with suitable nuclear-reactor-power sources would re- 
sult in major logistic and economic advantages. 

Possible customers for nuclear reactors are the more than 60 stations of the 
early warning radar network (see figure below) that lies north of the 55th parallel 
on the North American continent. In addition, there are several military instal- 
lations in Alaska, Antarctica and other remote locations where logistics problems 
already outweigh the cost factor. In the longer range, the military wants to 
apply nuclear power anywhere it will deliver better performance than conven- 
tional power. 

In the pages that follow NUCLEONICS, with the cooperation of the Army Re- 
actors Branch of the AEC, describes the over-all Army reactor program (p. 47), 
the Army package power reactors (p. 50), and the gas-cooled reactor program 
(p. 52). Finally, facing p. 54, there is a foldout description of the latest Army 
reactor to go critical—the Argonne Low Power Reactor. 


ARCTIC RADAR NETWORK STATIONS, now powered by diesel ALPR-type power units. Insert shows proposed ALPR-Dew line 
fuel, "will be among the prospective customers for Army's station package (FIG. 1) 


Mid=Caonadg Line . 





Tue Army Nuc.LeAR Power PRoGRAM 
(ANPP), unsung member of the U. S. 
reactor development family, has quietly 
established itself as the major force in 
small-reactor technology. The pendu- 
lum of progress has swung the program 
from development to application for 
two of the program’s reactors, Army 
Package Power Reactor and Argonne 
Low Power Reactor, for within a year 
the Pentagon will enter the reactor 
market as an increasingly important 
customer for construction of nuclear 
plants outside the continental United 
States. 

Beyond APPR and ALPR another 
five reactor projects are in various 
stages of development as the Pentagon 
and AEC proceed toward perfection of 
a small-reactor family capable of 
meeting a variety of military require- 
ments—stationary, semimobile, mobile 
and propulsion—in the range several 
hundred to 40,000 kw. 


The ANPP Family 


Reactors developed or under devel- 
opment show the scope of military 
potential: 

Operating. The 2-Mw(e) Army 
Package Power Reactor (APPR-1) at 
Ft. Belvoir, Va., and the Argonne Low 
Power Reactor (ALPR) at the National 
feactor Testing Station, Idaho (NU, 
Sept. 58, 154). 

Building. The Gas-Cooled Reactor 
Experiment (GCRE) at NRTS and the 
associated closed-cycle-turbine facility 
at Ft. Belvoir (NU, May ’58, 17). At 
Ft. Greely, Alaska, APPR-la, a modi- 
fied version of APPR-1, will deliver 
twice the power from the same size 
core and promises a longer core life 
than APPR-1. 

Projected. A pressurized-water, 
modular-type reactor for the Air Force 
will be let shortly by the 
AEC under a design, development, 
and construction contract for com- 
pletion by mid-1961 [1 Mw/(e) and 
2 Mwi(th) (NU, Nov. ’58, 25)]; a 
barge- or pier-type reactor for which 
a feasibility study has just been com- 
pleted by Gibbs & Hill, naval archi- 
tects, and Moran, Proctor, Mueser & 
tutledge, consulting engineers; a com- 
pact reactor of up to 2 Mw/(e) for 
which studies are now being completed 
by Curtiss-Wright, General Electric 
and the team General Motors/ Nuclear 
Development Corp. of America (NU, 
Feb. ’58, 24); and a trailer-mounted 
reactor which, it is hoped, will grow 
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which 


out of the work on the gas-cooled 
reactor. 

Finally, AEC and the Engineers 
Corps have awarded Alco Products 
a preliminary design contract for an 
APPR-type reactor of even higher 
output and longer life than APPR-la. 

The ultimate ANPP objective is to 
get practical field plants into mili- 
tary service. The 1-Mw/(th), 2-Mw(e) 
APPR-la under construction at Ft. 
Greely is the first field plant. No field 
plant was scheduled this fiscal year 


Since logistic capability is a major 
limiting factor in modern warfare, the 
use of nuclear powered units in the 
field could greatly extend our total 
military capability. Apart from re- 
ducing logistic effort per se, nuclear 
power would increase the reliability 
and effectiveness of military operations 
by making field commanders less 
dependent on vulnerable supply lines. 
A nuclear-powered base could operate 
for a period of years without fuel 
resupply; to do the same thing a diesel 





Future Army Reactor Family 





Reactor Type 


Reactor Power 
[kw(e)] 





Fixed Plants 
Improved ALPR 
Improved APPR 


Plants developed within civilian power program 


Semimobile Plants 
Modular design ALPR 
AEC-AF modular design 
Mobile Plants 
Trailer-mounted gas-cooled reactor 


Compact reactor plant (possible land-vehicle power source) 
Barge-mounted reactor (APPR or other) 


300-1,000 
6,000 
> 10,000 


300-1,000 
1,000-2,000 


300-500 
2,000-3,000 
~ 10,000 





but a program of overseas construction 
is to begin in fiscal year 1960, con- 
tinuing thereafter on an upward curve 
(NU, Nov. ’58, 25). ANPP officials 
see their practical power ceiling for 
reactor development as 10 Mw/(e) 
Military installations have require- 
ments running up to 40 Mw(e) but 
ANPP officials are relying on the AEC 
and private industry to develop con- 
cepts beyond 10 Mw(e) that would be 
available for military purchase. 


Military Advantages 


For many remote military bases, 
especially for arctic installations, the 
fossil fuel supply accounts for a large 
part (as much as 70-80%) of the 
logistic effort. With nuclear power 
sources this effort would be drastically 
reduced. Each electrical megawatt of 
installed nuclear-power-plant capacity 
means an annual logistical saving of 
up to 20,000 barrels of oil. In terms 
of shipping, a 20,000-kw(e) nuclear 
plant would each year save the equiv- 
alent of some 700 railroad coal cars or 
8-12 oil tankers. 


station would require very large 
(and therefore vulnerable) fuel-storage 
facilities. 


Military Requirements 


In terms of engineering development 
the uses proposed for land-based 
nuclear power plants fall roughly into 
two categories: a) those that can 
employ versions of already existing 
reactor systems such as the APPR and 
ALPR and b) those that require the 
development of radically different 
reactor concepts beyond the reach of 
present technology. Power plant units 
for overseas semipermanent installa- 
tions such as Dew-line radar stations 
fall into the first category while trailer- 
portable power supplies and nuclear 
land vehicles are examples of the 
second. 

Fixed stations. Requirements for 
fixed field plants of proved performance 
and maximum dependability will be 
met by improved versions of APPR-1 
and ALPR, both considered ready for 
field location now. Where 
construction or the need for 
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on-site 
costs 





FIG, 2. Barge-mounted reactor would serve asmobile power ‘source with out- 


puts up to 10 Wwe) output 


relocation rules out fixed plants, the 
need will be filled by highly packaged, 
semimobile, pressurized-water plants 
of the type ordered by the Air Force 
for mid-1961 delivery. 

The development effort on the APPR 
and ALPR-type systems is aimed at 
transforming the first working proto- 
types into pieces of dependable mili- 
tary hardware which can be trans- 
ported, assembled and operated using 
a minimum of time, manpower and 
skill. 

Both the number and size of the 
prefabricated modules that comprise 
the system must be reduced as far as 
possible. Assembly in the field should 
be possible with ordinary skills and 
tools. 

Plant reliability is probably even 
more important in military than 
in commercial nuclear plants. Since 
most military systems will have only 
one, or at most a few, reactor units a 
reactor failure in this type of system 
is much more serious than for a single 
unit in a large multiple-plant com- 
mercial power system. On the other 
hand reliability is more difficult to 
achieve since the environmental con- 
ditions are typically extreme and the 
opportunity for maintenance often 
limited. 

Also modern 
equipment requires electrical power of 
extremely high quality. Therefore, 
military plants powering such equip- 
ment must meet severe restrictions on 
voltage and frequency variations under 
both steady and fluctuating loads. 

Plant simplicity is of vital impor- 
tance if the plant is to be operated 


military electronic 


48 


and maintained by a small crew with a 
minimum of specialized skills. For 
the relatively small plants being con- 
sidered for military use a crew of even 
moderate size can quickly lead to 
excessive power costs. For example 
the labor costs for a crew of 8 men 
operating a 200-kw(e) plant would 
come to 40-50 mills/kwh. The de- 
mands on the military’s economic and 
manpower resources would be even 
greater if any of these men required 
highly expert training. Finally the 
additional logistic effort required to 
support large operating crews could 
well cancel out the 
advantage hoped for in replacing a 
remote diesel unit with a nuclear plant. 


very logistic 


In this regard experience so far with 
APPR-1 indicates that a specially 
qualified crew of 14-20 (1-2 officers and 
13-18 enlisted technicians) will be able 
to keep a reactor of this type in con- 
tinuous service at a remote installa- 
tion. The lower figure is roughly the 
crew size used on conventional plants 
of similar output. 

Mobile plants. In addition to fixed 
plants, mobile power sources would be 
of great value in field operations. 
These might range from small trailer- 
mounted units with outputs of a few 
hundred kw(e) up to reactors with 
outputs of several thousand kw/(e) 
that could support transient bases or 
weapons systems or propel land- 
vehicles, 

Accordingly the Army program 
includes a long-range effort (see p. 52) 
to develop a high-temperature gas- 
cooled reactor coupled together with a 
closed-cycle gas turbine to form a 
mobile unit. Compared with a water- 
system, the highly enriched 
gas-cooled concept has the advantages 
of lighter weight, fewer components 
and no need for an environmental 
water supply. When developed the 
unit would be small enough to be 
trailer-mounted and would have power 
output in the range of several hundred 
kw(e). 

Another type of mobile plant would 
be mounted on a barge. Such plants 
could be built with outputs sufficient 
to furnish large blocks of electric 
power for strategic power reserves and 


Cc v0led 


FIG. 3. Trailer-mounted power unit is ultimate objective of Army's gas-cooled 


reactor program 
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to provide mobile power sources for 
emergency use both overseas and in 
the United States. 

Finally, studies have shown that it 
may be possible to substitute a 
nuclear power plant for the conven- 
tional diesel-electric unit in a logisti- 
cal cargo carrier (SNO-Train) now 
being developed by the Transportation 
Corps. 


Military Economics 


Field tests such as the Ft. Greely, 
Alaska, project (see p. 51) should 
soon demonstrate conclusively that 
APPR and ALPR reactor plants can 
be used to strategic advantage. Wide- 
spread adoption by the military will 
then become a question of economics. 
Like commercial nuclear plants, mili- 
tary nuclear power sources will have 
an initial cost greater than that of the 
conventional power sources they are to 
replace. 

This problem is particularly severe 
in Army applications because the ma- 
jority of these units will be relatively 
small, probably averaging less than 
5 Mw. Moreover the cost of assem- 
bling the military plants at remote 
locations is abnormally high—often 
2—4 times the cost of similar construc- 
tion in the U.S. 

On the other hand since its operating 
expenses are expected to be much lower 
than those of fossil-fueled units, a 
reactor in a remote location can 
justify its higher investment cost 
provided it is kept in service for a long 
enough time. Thus the cost of a 
nuclear plant need only be reduced to 
the point where the total cost of power 
generated over the projected military 
lifetime begins to approach that for 
present installations. 

For instance, APPR-1 will operate 
for approximately two years on its 
present fuel loading, assuming an 
average plant factor of 70%. A 
modern diesel-fueled plant operating 
under the same conditions over the 
same period of time would consume 
approximately 2,280,000 gallons (or 
54,400 barrels) of high-grade diesel 
oil. The delivered cost of this fuel 
can be as high as $1—$2 per gallon at 
remote sites supplied by airlift. Thus 
economic studies indicate that even 
with current high initial costs, APPR- 
type plants are competitive with 
conventionally fueled plants over a 
period of several years’ operation in 


some remote areas. 
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Organization Chart of the 


Army Nuclear Power Program 








ANPP’s organization, already complicated to some extent by the 
double chain-of-command that characterizes all military reactor 
programs, is further complicated by the fact that it is misnamed. 
* in its title, the program is conducted to meet 
not only the Army’s reactor requirements but those of the Navy and 


Despite the *“‘Army’ 


Air Force as well. 


Program director is Col. Donald G. Williams, Chief, AEC Army Re- 
actors Branch, and Special Assistant for Nuclear Power to the Chief, 
Army Corps of Engineers. His AEC/Corps of Engineers operation is 
charged with the development of ground reactors (heat and elec- 
tricity) for all military services and of special-purpose reactors 
(barge, ete.). Virtually the only military reactors outside his 
jurisdiction are those for propulsion of warships, aircraft and rockets. 


The nuclear power requirements of the Army, Air Force or Navy 
are funneled through the Secretary of Defense, to the Secretary of 
the Army, to the Chief of Engineers, and finally to Williams. Re- 
quests for development of specific reactor concepts are forwarded by 
the Secretary of Defense to the AEC where they again reach Williams 
through that chain-of-command. To permit day-to-day liaison 
among the services, Air Force and Navy personnel are assigned to the 
Army Reactors Branch. 


When a reactor concept has been developed to the point of field- 
construction readiness, the Williams team withdraws in favor of the 
sponsoring service (except for consultative duty). Construction of 
field plants—for example, the Ft. Greely, Alaska, reactor (NU, July 
°58, 25)—is handled through normal procurement channels, rather 
than through AEC. Asan Army reactor project, Ft. Greely is being 
supervised by the Corps of Engineers under contract with private 
industry; the Corps may also be construction agent for AF ground- 
reactor projects. For Navy projects, the Bureau of Yards and Docks 
would probably have construction jurisdiction. 


49 








THE ARMY REACTOR PROGRAM 


APPR-1 Operating 
Experience 


Tue Army PacKaGE Power REactTor-! 
(APPR-1) plant (see NU, Aug. 57, 
facing p. 60) was the first to be devel- 
oped in the Army Nuclear Power 
Program. Construction began in Oc- 
tober, 1955, and was completed less 
than 18 months later. It first went on 
the line in April of 1957 
November 1, 1958, the plant had pro- 
duced 15,332 Mwh(e). 


and, by 


Operating History 


After the core 
series was run to compare the reactor’s 


was loaded, a test 
operating characteristics with the de- 
sign calculations. During these tests, 
the steam generator failed to deliver 
superheated steam as called for in the 
design because of trouble in the mois- 
ture separator. The 
across the separator was higher than it 


pressure drop 
should have been, with the result that 
the drain was drawing water up to the 
dry-steam side of the separator. A 
three-week shutdown was required to 
cut the top out of the steam generator 
and replace the separator with another 
type. 

700-hr test. Prior to 


ceptance, the plant was required to 


Army ac- 


operate at loads between 10 and 100% 
of capacity for 700 hr, with a maximum 
permissible shutdown time of 40 hr. 
The test was completed with only 7 hr, 
28 min of shutdown. The reactor was 
scrammed three 
electrical disturbances in the distribu- 
tion net that caused the sensitive 
scram circuits to trip. A fourth shut- 
down required to adjust the 
calibration of the liquid level in the 
shell side of the steam generator. 
During the 700-hr test, reactor power 
level followed load changes better than 
expected. The APPR-1 can undergo 


50 


times because o! 


was 


a complete loss of load without causing 
a scram—the reactor drives itself sub- 
critical and stays that way until the 
power level equals the system heat loss. 
Also, the reactor load 
increase as fast as will 
without the 
control rods. 
Six-month test. 
operated at full power each month for 


can follow a 
the 
adjustment of 


turbine 


allow, 
The plant was next 


21 days and then at varying loads from 
zero to full load to train the Army, 
Navy and Air Force personnel serving 
at the plant. 
test, only one minor failure occurred. 


During this six-month 


The gasket on a rupture disc developed 
a leak so that a small amount of pri- 
mary coolant accumulated on the floor 
The rupture 
dise was replaced by a relief valve and 


of the vapor container. 


the flange replaced by a welded con- 
nection. Cleanup required only that 
the floor and lower portion of the wall 
be swabbed and washed down with 
fresh water. 

The only significant incident that 
has occurred since the completion of 
the six-month test was a leak caused 
by the failure of a spring in the pres- 
surizer relief valve. Repair was easily 
accomplished and cleanup was as 
By July 1, 1958, the plant 
had generated 12,223 Mwh. 
sis of the operating history of the plant 
shows that it was on the line 226 days, 


before. 
An analy- 


44 days were spent in training exercises 
and down time totaled 73 days. Dur- 
ing the time devoted to training, the 
plant was operated at various power 
levels but was not on the line. 
Component Performance 

Mechanical components. Consid- 
erable difficulty has been encountered 
with the various pumps, with one no- 


table exception—the primary canned- 
The makeup pumps 


attention be- 


motor pumps. 


required considerable 
cause the stainless-steel plungers wore 
excessively, resulting in leakage through 
the packing, and had to be replaced. 
Two of the stainless plungers were 
replaced with ones of Hastelloy and two 
Both replace- 
ments have performed satisfactorily 
to date. 

The time required to cool the primary 


with ceramic plungers. 


system down from 450° to 212° F was 
found to be 30 hr. The reason for this 
cooldown that the 
surizer, being a dead leg in the system, 


slow was pres- 
did not have sufficient circulation and, 
being well insulated, took a long time 
Recently, a separate 
line from the primary piping to the top 


to cool down. 


of the pressurizer has been installed to 
through the 
This modification is expected 


force circulation pres- 
surizer. 
to cut the cooldown time to 12 hr. 

Instrumentation. 
to-day problem has been the reliability 
of the The 
strengths from the ion chambers are so 
low that the amplifiers must be oper- 


The biggest day- 


instrumentation. signal 


ated at high gain to develop sufficient 
signal strength for indication and con- 
trol purposes. Because of this, elec- 
tron tubes must be replaced at an 
alarming rate. These replaced tubes 
could perform satisfactorily in conven- 
but they 


reactor-control 


tional electronic devices, 
remain in a 
circuit once their noise level picks up. 
Well over three hundred tubes were 


replaced in less than a year of opera- 


cannot 


tion, although only a few tubes actually 
failed. The use of transistors is being 
evaluated as a means of alleviating this 
problem. 

Noise have caused 


and transients 
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numerous false period scrams. This 
problem has been partially solved by 
the installation of filters and the correc- 
tion of improper sealing in the mineral- 
insulated wire terminations. 

The original BF; counter tubes failed 
frequently because of the high flux 
during power operations and had to be 
replaced with those of another manu- 
facturer. Several fission chambers also 
have been replaced because of high 
internal noise level caused by residual 
radioactivity. 


Operating Problems 


Water purity. In the secondary 
system, maintaining water purity is a 


system blowdown water and by daily 
laboratory analysis. To date, the 
chloride content has been controlled to 
0.1 ppm by maintaining a blowdown 
rate of 0.2—-0.5 gpm. 

Hydrazine is used for oxygen control 
in the secondary system. After sev- 
eral months of operation, however, it 
was found that the air ejector was 
maintaining the oxygen level at the 
range of 0.01—0.04 ppm and that the 
hydrazine was not effective. It was 
later determined that the hydrazine 
did not react with the oxygen under 
APPR-1 operating conditions. Tests 
indicate that sodium sulfite would be 
more effective than hydrazine, and its 
use more desirable because it does not 


rience to date has shown that long-lived 
nuclides tend to build up on the sur- 
faces of the primary system. This 
buildup may reach magnitudes that 
could seriously hinder maintenance 
work on primary-system components— 
present information indicates that the 
activity level inside the steam genera- 
tor, on the primary side of the tube 
sheet, is about 2.5r/hr. The stainless- 
steel-clad core components in the high- 
flux zone are adding the major portion 
of the activated corrosion products to 
the system. The main nuclides that 
contribute to this activity are Co, 
Co, Fe, Mn* and Cr®!, 

A program is underway to develop a 
decontamination technique to reduce 


The type-304 stainless-steel 
tubes in the steam generator are very 
susceptible to chloride stress corrosion, 
and there is no way of inspecting them. 
The chloride concentration is moni- 


problem. 


tored by recording conductivity cells 


in the evaporator and _ secondary- 


add ammonia to the system. 
it would not be possible to monitor the 
chloride concentration by conductivity 
readings of the blowdown because of 
solids contributed by the Na2SO3. 


Activity buildup. Operating expe- 


the activity in the steam generator to 
allow maintenance work. Also, the 
second core of APPR-1 will use a 
special, low-cobalt stainless-steel (304) 
cladding. It is hoped that this will 
reduce the rate of buildup of Co®. 


However, 





APPR-la—the Second Member of the Family 


The only significant difference in design between 
APPR-1, the first of the family, and APPR-la is that the 
second reactor is rated at twice the thermal output of 
the first even though they both have the same core load- 
ing. This is accomplished by increasing the primary- 
coolant flow rate from 4,000 gpm in APPR-1 to 7,150 gpm 
in APPR-la. Although both designs were based on 
providing electrical power and space heat, the entire 
output of APPR-1 is used to produce electricity because 
Fort Belvoir, the site of the prototype, has no need for 
additional space heat. 

APPR-la will provide both power and heat for the 
Army post at Fort Greely, Alaska, which is about 85 air 
miles southeast of Fairbanks. Fort Greely was selected 
as the site for the first field plant because it is in a loca- 
tion that will provide an operating test of the plant 
under extreme cold weather conditions and still be 
readily accessible by air and road. Winter tempera- 
tures at Fort Greely have dropped as low as 63° F below 
zero. By way of contrast, summer temperatures have 
reached a high of 90° F above zero. 

The contract for the design of APPR-la was awarded 
to Alco Products, Inc. Award of the construction 
contract to Peter Kiewit Sons’ Co., of Seattle, Wash., is 
unique in the nuclear field in that this is the first time 
a contracting agency has awarded a contract for a nu- 
clear plant to be built directly from Government plans 
and specifications. In the past, nuclear plants have 
been built in “‘package deals” with the firm that han- 
dled design of the plant also acting as prime contractor 
(as Aleo did on the APPR-1). It is also unique in that, 
in the past, equipment manufacturers have held the 
prime contracts for design and construction. 

Ground was broken at Fort Greely on June 4 and con- 
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struction was 31% completed as of October 24. Major 
work accomplished to date includes the erection of the 
turbine building; fabrication, testing and erection of 
the lower hemisphere of the containment vessel; and 
installation of connections to the Fort Greely utility- 
distribution system. It is anticipated that major 
equipment will be delivered during the spring and early 
summer of 1959. APPR-la is expected to go critical 
in 1960. — 

Comparative data for the Fort Belvoir and Fort 
Greely plants are given as follows: 


APPR-L APPR-la 

Ft. Belvoir, Va. Ft. Greely, Alaska 
Output—thermal 10,000 kw 20,000 kw 
—electrical 1,855 kw (net) 1,640 kw (net) 
—heat _— 38,275,200 Btu/hr 
—RKR &D $2,000,000 $100,000 
—design $358,500 $371,642 
—construction $3,458,360 $4,737,217* 

$110,701 $160,000 

$350,000 —* 
$6,277,561 $5,368,859 


Location 


Costs 


—fuel elements 
—test operation 
—total 


*Lump-sum contract includes 4 months of test operations. 


The construction costs shown include those of the 
containment of the reactor and primary system withina 
vapor-tight, reinforced-concrete structure as an added 
safety feature required by AEC for power reactors 
located in highly populated areas. The vapor con- 
tainer for each plant accounts for 10-15% of the total 
For plants in remote areas, this 
(ALPR does not have one.) 
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construction costs. 
item may not be necessary. 





THE ARMY REACTOR PROGRAM 


Gas-Cooled Projects 


OF THE REACTOR CONCEPTS advanced to 
date, the high-temperature direct-cycle 
gas-cooled reactor seems to have the 
best chance of ultimately satisfying 
the military need for a truly portable 
power source. 

The two major engineering prob- 
lems in developing such a system con- 
cern the reliability of the fuel elements 
and the gas turbine. The Army and 
AEC 
struction to investigate each of these 
Now being built at the Na- 
tional Reactor Testing Station is 
the Gas-Cooled Reactor Experiment 
(GCRE),* which will test experimental 
reactor cores. The closed-cycle Gas- 
Turbine Test Facility (GTTF)* now 
being erected at the Army Engineer 
Research and 
tories at Fort Belvoir will proof-test 


facilities under con- 


have two 


areas. 


Development Labora- 
gas-turbine-compressor sets and closed- 
cycle-component serviceability. 
Information from the operating pro- 
gram for these facilities should permit, 
in early 1960, into the 
development phase, that of operating 


entry next 


FIG. 1. Flow diagram for turbine-test 
facility at Ft. Belvoir 
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the first experimental nuclear-powered, 
gas-turbine electric generating system. 
Although 
parameters and detailed planning asso- 


some of the engineering 
ciated with the program are classified, 
enough has been released to give a 
good idea of the scope and direction of 
the effort. 


Reactor Experiment 

The GCRE is essentially a large 
high-temperature (>1,000° F) gas 
loop that can be used to evaluate fuel- 
element performance and corrosion of 
structural materials. 
consists of a 


The reactor core 
configuration bundle 
of 73 aluminum pressure tubes located 
in a tank of water, which serves as 
moderator and reflector (see figure on 
opposite page). During operation the 
core will be critical but will operate at 
low power to start with; a gas-fired 
heater will heat the reactor-inlet gas to 
the desired The gas 
exiting from the core will dump its heat 
to a cooling tower. Thus GCRE for 
the present at least will not include a 


temperature. 


turbogenerator. 

The coolant gas will be nitrogen. 
Among the reasons for choosing nitro- 
gen is the hope that field units will 
eventually operate on air. Minimum 
materials and component development 
will then be needed to convert to an 
air-cooled Also, relative to 
other nitrogen will transit 
from laminar to turbulent flow at a low 


design. 
gases, 


flow rate, which permits stable opera- 
tion over a wide range of partial load- 
ing. This is a valuable feature both 
for a field unit and for the experimental 
reactor. In addition, cost and assured 
availability of nitrogen were influenc- 
ing factors. 

Experiments at Battelle have shown 
that nitriding of materials in contact 
with the coolant 


nitrogen can ap- 


parently be inhibited by putting small 
amounts of additives in the gas stream. 
This will be confirmed with the opera- 
tion of GCRE and with in-pile loops 
elsewhere. 

The water moderator and reflector 
were adopted for reasons of expediency. 
Ideally, field units should be inde- 
The use of 


solid materials for these components in 


pendent of a water supply. 


later designs is under investigation. 
Instrumentation will be provided to 
collect data on heat transfer, thermal 
structural stability, 
drops, temperature gradients, the re- 
lationship of degree-hours to burnup, 


stress, pressure 


hot-spot temperatures and __fission- 


product activity. 


Turbine Test 


The other half of the job of develop- 
ing a portable direct-cycle gas-cooled 
reactor will begin soon in a specially 
designed* turbine test facility at Ft. 
Belvoir. The facility will be used 
primarily to develop a suitable light- 
weight gas-turbine-generator set. The 
specifications call for a unit that will 
produce 400 kw of 60-cycle 3-phase 
power with a thermal efficiency of at 
least 16%. The flow 
Fig. 1) indicates that 
coolant is heated by an oil-fired heater 


diagram (see 


the nitrogen 


to a turbine-inlet temperature of 
1,150° F. The turbine inlet and outlet 
pressures are 212 psia and 85 psia 
respectively. Wherever possible the 
components used in the test loop will be 
those designed for service in the “ulti- 
mate” The two test 
sections will be used to expose materials 


power plant. 


to nitrogen at the temperatures and 

* Aerojet-General Nucleonics has prime 
responsibility for the design and operation 
of GCRE. GTTF was designed by Sander- 
son & Porter and will be operated by Aero- 
jet-General Nucleonics. 
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Gos -fired 
heater 


Blower 


Reactor core 


Heat exchanger 


GAS COOLED REACTOR EXPERIMENT as it 
will look when completed. Core, shown sub- 
merged in the reactor pool, is roughly 2 ft in 
diam and 2.5 ft long. Gas-cooled fuel-element 
assemblies will be suspended in vertical alumi- 
num pressure tubes 36.5 in. long and 1.875 in. 
o.d. The tubes will be thermally insulated 
on the inside against the high temperature 
(~1,000° F) nitrogen coolant. The gas flow rate 
will be 66,000 lb/hr. Fuel will be highly en- 
riched UO, with metallic cladding. Various 
fuel assemblies are being considered including 
a nested-concentric-tube design. There will be 
an intermediate heat-exchange loop in the sys- 


ards and mineral-scale fouling of the primary 
exchanger. 

Reactor will be controlled by moving radial 
control rods between the pressuretubes. Con- 
trol-rod worth will be sufficient to maintain 
shutdown during fuel reloading, at which time 
the core will be flooded. A set-back rod drives 
the reactor slightly subcritical if operating 
parameters deviate slightly from desired values 
during experiments planned for the first core 
loading. This should not only minimize ther- 
mal shock from repeated scrams but should also 
be a valuable time-saving device, since the reac- 
tor is for experimental purposes and there will 


tem to reduce radioactive-contamination haz- 


be no “‘ordinary”’ operations. 





pressures of the cycle for corrosion 
tests. 

The preliminary turbomachinery de- 
a two-stage centrifugal com- 
and a_ two-stage axial-flow 
turbine mounted on a common shaft. 
Oil-lubricated bearings are 
located ahead of the first-stage com- 
pressor wheel and between the second- 
This results 
in an overhung turbine design, simpli- 
fying the seal system and structure. 
The compressor-turbine shaft assembly 
is assembled with the compressor 
diaphragms and turbine inlet scroll and 
barrel-type housing. 


sign 1s 


pressor 


journal 


stage wheel and turbine. 


inserted in a 
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While this type of structure does not 
allow 
advantage of eliminating the horizontal 


easy maintenance it has the 
joint, normally a source of leakage. 

The only open-end shaft in the 
turbomachinery is at the compressor 
inlet end. A gas-tight seal is required 
at this point to prevent leakage of 
working fluid from the power plant. 

The compressor-turbine shaft sys- 
tem might be developed to run on gas- 
lubricated bearings, as has been done 
on lightly loaded high-speed machin- 
ery. While the bearing requirements 
of the compressor-turbine set are 
beyond anything presently being done, 


the advantages make an investigation 
of their use worth while. Briefly, 
such a system makes possible the 
elimination of oil seals and drains, 
resulting in a considerable simplifica- 
tion of the mechanical design. A de- 
velopment program on this bearing 
type has been started at the Franklin 
Institute Laboratories for Research 
and Development. This program is to 
establish the feasibility of the design 
and whether the bearings should be hy- 
drostatic or hydrodynamic, i.e. whether 
they will establish their own film 
pressure or require pressure supplied 
from an external source. 
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ARMY REACTOR PROGRAM 


New Reactor 


Faced with a growing roster of alpha- 
betical reactor names, the Army Nu- 
clear Power Program has decided to 
simplify things by adopting an auto- 
matic system of designation that de- 
pends on reactor characteristics and 
senority. Henceforth ANNP 
power plant will be officially known by 
two capital letters and a numeral plus 
an optional additional letter as follows: 
® The first capital letter refers to plant 
mobility which will be classified as S, P 
or M.S stands for stationary and re- 
fers to a stationary operating plant that 


each 


is not designed for subsequent reloca- 
tion. P is for portable and describes a 
plant that operates while stationary 
but, is capable of being dismantled and 
other locations. M 
means mobile and includes plants that 


reassembled at 


can be moved intact or virtually intact 
for use at successive locations or while 
in movement. 

® The second capital letter describes 
the design power for continuous oper- 
ation: 


Power Range [kw(e 
< 100 


Symbol 
= very low 
= Low 100—1,000 
1,000—10,000 
> 10,000 


= medium 
= high 


® The third character is a numeral that 
specifies the order in which plant con- 
cepts of the same mobility and power 
range were developed. 

® Finally, the field plants of each reac- 





PM-1, new Air Force modular reactor for use at remote locations is shown in artist's 


version 


tor type will be distinguished from the 
original prototype by adding a capital 
letter to the basic three-character desig- 
nation. If more than one prototype or 
pilot plant is built the succeeding ones 
will be distinguished by adding lower 
case letters. 

With these rules in mind it is easy to 
see that SM-1, SM-1A and SL-1 are 
really APPR-1, APPR-la and ALPR. 
Actually ANNP does not plan to sup- 
press the old familiar names for these 
Starting with PM-1, 
however, (see figure) it will insist that 
by the 


three systems. 


all new reactors be named 
numbers. 

PM-1, the first reactor to be chris- 
tened under ANNP’s new naming sys- 


tem, will be a pressurized-water modu- 


lar-ty pe reactor for the Air Force. The 
new concept will have a 1 Mw(e) output 
which makes it larger than ALPR but 
smaller than APPR. The plant will 
use factory-assembled modules that can 
be air-transported and rapidly con- 
nected at the site; the plant can later 
be assembled and relocated if desired. 

Construction of the prototype plant 
will begin this year and will take 30 
months. The complete plant will be 
installed and test operated at Sun- 
dance, Wyoming, a Air Defense 
Command Aircraft Control and Warn- 
ing site. Besides the electrical output 
the plant will also supply Sundance 
with 2 Mw of heat. Nine bids have 
been received from manufacturers for 
the prototype plant (NU, Jan. ’59, 25). 


hew 





REPRINTS of this special report on the Army Reactor 
Program, including the foldout description of the 
Argonne Low Power Reactor on the facing page, are 
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REPRINTS 


available for 50 cents each. 
alone are available for 25 cents. 
NUCLEONICS, 330 W. 42nd St., New York 36, N. Y. 
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1 Reactor. Pressure vessel has welded ellipsoidal lower head 
and bolted flat upper head. Refueling is done through con- 
trol-rod-drive penetrations. Coolant flows up core channels 
and down outside of core where it mixes with, and is slightly 
subcooled by, feedwater entering through spray ring. About 
‘4 of reactor heat is required to raise coolant to saturation. 


upper feedwater spray ring. 











Changes in uses of lines penetrating pressure 


return line will be used only for experiments 
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drawing was made include injection of boric acid through 
lower feedwater spray ring instead of (as shown) through 
In addition, steam separator 
has been eliminated from primary-coolant system and its 
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. August 11, 1958 with ten fuel elements containing 3.5 kg of U**®. 
f critical experiments, performed in the reactor itself, to determine 
ison loading necessary to insure 3-Mw/(th) capability at the end of 
» load factor. Those design objectives were met by using 40 fuel 
| rods. However, critical experiments were also performed on a 
t would have higher capability. The differential and integral 
nd nine control rods were obtained as a function of rod penetration 
it supplied by a portable, gas-fired boiler, flux plots were made of 
ores by irradiating gold and copper wires, respectively. 

R achieved its full-power output of electricity and space heat. 
1 40-hr xenon run was made. ALPR was then shut down and, 
is brought to full power, overriding peak xenon. 


Air-cooled condenser 















Turbine pressure 
regulator 


alive 
- 


Safety valve 
valve 
Back-pressure regulating 


Safety valve Hotwell 
tank 


Generator 






Feedwater 
From purification flow 
system Steam | Reactor 


To purification 
system 


Feedwater control valve 


1. Plant has systems for steam bypass, space heating, condenser 
ter, water purification, shield cooling and boric-acid injection. 
f steam goes to turbine, ~15% to heat exchanger 


for 60 fuel elements and 9 control rods, ALPR achieves rated out- 
Each element has 26-mil poison strip on one side 
Metal-to-water ratio is 0.5 


ts and 5 rods. 
‘e half of 21-mil strip on other plate. 























bracket 


Fuel-element grid 
(dotted) 


Characteristics of ALPR 


Location: 

Designer: 

Owner: 

Estimated cost-—R&D: 
—reactor plant: 
turbine plant: 

total: 

On line: 
Output—thermal: 
—electrical: 


National Reactor Testing Station, Idaho 
Argonne National Laboratory 

U. 8. Atomic Energy Commission 
$606,000 

$1,130,000 

$856,000 

$2,592,000 

October 24, 1958 

3,000 kw 

300 kw 


_ Component Design Data 


—heat: 400 kw 


Pressure vessel 


Inside height: 
Inside diameter: 
Wall thickness: 
Composition : 
Cladding 
—material : 
thickness: 
Design pressure : 
Test pressure: 


Core 
Configuration : 
size: 

Fuel load: 

Burnable poison: 

Composition 
H.O: 
Al-Ni-U: 
Al-Ni: 


Control rods 


Configuration : 
Number 
shim: 
regulating: 
Composition 
—poison : 
cladding: 
Total rod worth: 
Weight: 
Withdrawal rate 
shim: 
regulating: 
Scram time: 


14 by ft 
4.34 ft 
0.75 in. 
carbon steel (SA-212) 


stainless steel (304) 
0.188 in. 
400 psig 
600 psig 


right cylinder 
31.5 in. dia 
14.0 kg U2 
23 gm B!° 


33 vol % 
8 vol % 


59 vol % 


cruciform 


Cd 

Al-Ni 
17% Ak/k 
49 Ib 


3 in./min 
1.8 in./min 
<2 sec 


Control-rod drives 


Type: 

Number: 

Power require- 
ment: 

Motor rating: 

Position-indicator 
accuracy: 


Fuel elements 
Type: 
Number: 
Enrichment: 
Plates per 
element: 


Meat dimensions: 
Meat composition 


rack and pinion 
5 


2200 v, 36 
0.48 rpm, bg hp 


+0.05 in. 
plate 

40 

1% 


9 
0.05 X 3.5 & 25.8 in. 


25.8 in. 


Al: 

Ni: 

U: 

Cladding: 

Plate temp.—avg 
max: 


80.5 wt % 
2wt% 
17.5 wt % 


Al-Ni 


:440° F 


150° F 


‘Nuclear Design Data 


Moderator 
Type: 
Average neutron 
energy: 
Thermal-neutron 
flux—aveg: 
max: 
Prompt-neutron 
lifetime: 


Eff. delayed-neu- 


tron fraction: 
Over-all temp. 
coefficient : 


light water 
~0.053 ev 


7.5 X 10" n/em?/see 
~2 X 10' n/em?*/sec 


4-8 X 10° see 
0.0065 


~1L.5% r 


Control requirement 


Burnup: 
Peak xenon: 


Equilibrium xenon 


and samarium: 


Temp. coefficient: 


Voids: 


Total: 


(Yelm Reelitt2-1a Blot ie 


Coolant 
Type: 
Volume—total: 

in core: 
Inlet flow: 
Inlet temperature 
Operating 
pressure : 
Outlet steam 
temp.: 


Outlet steam flow: 


Recirculation 
rate: 


Heat flux 


Max/avg ratio 
axial: 
—radial: 
Core—average : 
maximum: 


~3% Ak/k 
0.6% Ak/k 


2.6% Ak/k 
1.5-2% Ak/k 
1.3-2% Ak/k 


W-10% Ak/k 





light water 
3,800 liters 
215 liters 
18 gpm 


175° F 


300 psig 


420° F 
9,020 Ib/hr 


130 Ib/Ib of steam 


1.3 
1.6 
~22,500 Btu/hr/ft? 
~65,000 Btu /hr /ft? 

























Be s 
Jf — y. 
eu eg 


4 Fuel clement. Its plates are 27.8 in. long, 3.710 in. wide and 0.120 5 Control rod. Cd is held in place by Al-Ni sheets pressed into holes and 
in. thu k To usual Al-U meat has been adde | 2 wt% Ni; special AlN spot-weld dl Absorber section overlaps active core length. Follower 


cladding has 1 wt% Ni. This element is cut away to show plates ction of regulating rods is 19 in. long 
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6 Control-rod dt mecl s external thimble has seal through which small amount (~0.1 gpm) 
of primary coolant is bled continuously to lubricate shaft and prevent accumulation of decomposition 


ent of power failure, gear motor (not shown) has independent supply 


is it 


high secured around structural-steel framework. Bottom of housing rests on concrete piers 2 ft above 


reduces heat transfer to ground, which, if arctic permafrost, must remain frozen 
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heat adjacent of 
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The pressure 
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and-steam temp 
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control-rod drive 
indicators. Inte 
which, in turn 
nections through 
two feedwater 1 
line, and experin 
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The pressure \ 
the support evlin 
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The support ¢ 
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that forms the 
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ing on the oper: 
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laminated shield 


Core Structure 


The entire c 
aluminum-nickel 
lattice of four u 
2!5 in. wide ane 
T-shaped vertica 
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the lattice are we 
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|escription of ALPR 


rornne Low Power Re actor (ALPR) is a direct- 
ing-water reactor moderated and cooled by the 
rculation of light water. Pioneer Service & Engi- 
‘o., Chicago, Ill, was architect-engineer, and the 
onstructor at National Reactor Testing Station, 
is Fegles Construction Co., Minneapolis, Minn. 

.PR is the prototype of a packaged power plant 
netion will be to power radar equipment and 
cent offices and barracks at remote arctic instal- 
Among its advantages for this purpose are 
ying 

n be transported easily in cargo aircraft; no single 
it weighs more than 10 tons or has dimensions of 
n20 X 7 X 9 ft 

designed to be built on any terrain; no excavation 
ry because ALPR is mounted on concrete piers. 
inuous supervision during operation may not be 


il] operate continuously for three years with a 
| loading 


es not require a large supply of water; the all- 


condense! Is “all cooled 
Vessel 

essure vessel is fabricated from Type SA-212, 
Firebox ste It was designed for 450° F water- 
1 temperature and 500° F metal temperature. 
8-in.-thick cover plate has nine 6-in. nozzles for 


«| drives and two smaller nozzles for water-level 


Internal base pads support the thermal shield, 
turn, supports the core structure. Five con- 
through the wall of the vessel are provided for 
water inlets, a steam outlet, purification purge 
experimental line The vessel is insulated with 3 
rmesia contained in a steel jacket. 
ssure vessel is suspended by its top flange from 
rt cylinder, which, in addition to supporting the 
nishes radiation shielding in the form of a blanket 
, in. thick (with embedded copper cooling coils) 
in a '4-in. steel jacket At core level, it is 
shielded by a 1'4-in.-thick steel band. 
pport cylinder stands on structural steel at the 
the reactor building and is surrounded by gravel 
is the main biological shield. A dry mixture 
ot, boric oxide, gravel and sand fills the space 
structural steel! Ring-shaped concrete shield- 
operating floor above the reactor is cast in 
sections { removable masonite-and-steel 
| shield covers the hol 
‘ucture 
itire core structure is fabricated of X-S001 
-nickel alloy (1 wt % Ni The core support is a 
four interlocking, welded bars, 42 in. in length 
ide and '5 in. thick, and extruded cross- and, 
vertical stanchions. The sides of the lattice are 
by welded support bars. The eight corners of 


are welded to eight blocks (24g X 31g X 2 in.) 


ne alloy that form the support pads. 


The core shroud consists mainly of 549-in. sheet stock, 
~62 in. long and 16 in. wide, formed into large angle 
sections perforated with equally spaced 2-in. holes. Each 
pair of angle sections is flush-riveted to the vertical 
stanchions of the core support to form 16 square boxes 


(each to contain four fuel elements except for the four 


corner boxes, which contain three fuel elements each). 
The sides of these boxes define the five cross- and four 
T-shaped control-rod channels. Welded inside each box 
at the bottom are egg-crate-shaped supports to seat the 
bottom end fittings of the fuel elements. 

The core support and shroud rests on and is fastened to 
an arrangement of eight support brackets welded to the 
thermal shield. Six brackets have holddown bolts that 
fit through the support pads of the core support and shroud. 
The remaining two brackets have special aligning pins that 
fit through the remaining two support pads. 


Fuel Elements 


Each fuel element is 34!9 in. long by 37 in. square and is 
composed of a bottom end fitting, nine fuel plates, two side 
plates and a top end fitting. Each fuel plate is bent 
lengthwise on both sides to form a flange. After bending, 
the ends are machined to provide exact spacing for the 
water channels (0.31 in.) between plates. The nine plates 
are spotwelded to the side plates. 

The top fitting consists of an extruded spider section 
welded at the inside corners to an extruded rectangular 
section. The spider section is drilled and tapped to take a 
stainless-steel handling gripper. To a machined-out piece 
on each side of the rectangular section is riveted a stainless- 
steel spring that provides for proper spacing and align- 
ment of the elements. 

To reduce control requirements, consideration was given 
to the uniform dispersal of a burnable poison, B', in the 
fuel meat. Because it proved difficult to fabricate well- 
bonded fuel plates having a fixed amount of B' on 
schedule, the choice fell to thin strips (21 and 26 mils) of 
Al-Ni containing 0.42 wt% B'®. These strips are 25.8 in. 
long and 3.875 in. wide and are welded to the side plates 
of the fuel elements. 


Control Rods and Drive Mechanisms 


ALPR’s cruciform control rods are made of cadmium 
with aluminum-nickel-alloy cladding and follower sec- 
tions. The rods are connected to drive mechanisms by 
stainless-steel, ball-joint end fittings. 

Vertical linear motion is imparted to the rod by a rack- 
and-pinion mechanism mounted above the reactor. The 
rack and pinion, pinion support bearings and rack backup 
roller operate in the primary coolant. A labyrinth-type 
pressure-breakdown seal is used on the shaft. A conven- 
tional ',-hp electric gear.motor with a magnetic-disc 
brake is positively engaged to the pinion drive shaft by an 
electromagnetic clutch. A unidirectional cam clutch will 
drive the rod down in the event of a scram if the magnetic 
clutch fails. 
gears to the pinion-drive-shaft extension for positive 


A synchro-transmitter is coupled through 


indication of rod position. 


Primary Coolant System 


Feedwater enters the reactor through a spray ring just 
above the core and flows down the annulus around the core 
where it mixes with the down-coming coolant to make it 
slightly subcooled, This phenomenon, plus the lower 
density of the water-steam mixture in the channels within 
the core, causes natural circulation of the mixture upward 
through the core. For every pound of steam produced, 
roughly 130 lb of water are circulated through the reactor. 

About 85% of the steam produced in the reactor enters 
the turbine at 275 psi and is exhausted to the air-cooled 
condenser at 4.85 in. Hg. Air is circulated over the finned 
condenser tubes by a 90-in., fluid-drive, 75-hp fan deliver- 
ing ~93,000 cfm. About 15% of the steam produced 
enters the heat exchanger to produce space heat. All! 
returned feedwater is filtered. Reactor water is continually 
pumped (5 gpm) through a purification system to maintain 
total solid concentration of <2 ppm. 

In addition to the conventional, automatic turbine 
controls, three major automatic control systems are asso- 
ciated with the process system. 

Reactor-pressure control. Steam can be bypassed to 
the condenser through two valves connected in parallel; 
they are controlled as a function of reactor steam pressure 
so that total bypass steam flow is proportional to pressure 
deviation from a set point. Two valves are required 
because of the wide range of bypass flow. The valve drive 
and controllers are so coordinated that the flow-vs-pressure 
characteristic is approximately linear. 

Condenser-air control. To keep the air-cooled con- 
denser from freezing when outside temperature is low 
(design minimum air temperature is —60° F), the tem- 
perature of condenser inlet air is regulated by recirculating 
a variable fraction of the total air flow through a mixing 
chamber. To implement this system, the average tem- 
perature detected by 12 thermocouples distributed across 
the inlet face of the condenser is fed to a temperature 
controller. This, in turn, controls damper drive motors on 
both the air-exhaust duct and mixing chamber. Both 
the ratio of travel and the bias of the two damper drives 
can be adjusted. 

When maximum condenser capacity is not required, 
condenser-fan speed is reduced. For this purpose um set 
ond group of 12 thermocouples senses the average tem- 
perature on the condenser outlet face. A second tempera- 
ture controller utilizes the signal to regulate fan speed 
through control of a variable hydraulic coupling. 

Feedwater control. The reactor operator has the op- 
tion of selecting a three-element control based on reactor- 
water level, total steam flow and feedwater flow, or a 
single-element control based on reactor-water level alone 
Water level is held constant in the pressure vessel by the 
integrating three-element control system to insure steady 
operation and complete immersion of the core. This sys- 
tem regulates the feedwater flow to the reactor auto- 
matically by: (a) simultaneously measuring the water 
level, steam flow and feedwater flow; (b) integrating the 
electrical signals from the measurements; and (c) elec- 
trically adjusting the feedwater flow valve 


* * - 


For more detailed information, see A. Smaardyk, ed., Hazard 
summary report on the Argonne Low Power Reactor (ALPR), ANL 
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On December 16, 1958 the Pennsylvania Power & Light Company and Westinghouse Electric Cor- 
poration announced the suspension of the Pennsylvania Advanced Reactor Project (PAR) because con- 
struction of a large-scale aqueous homogeneous plant was technically infeasible at that time. It was 
recommended that prototype plant development and operating experience should be part of further 
development of the PAR reactor type. A brief resume of the accomplishments of the project and the 
reasons which led to its suspension are set forth below. 

The PAR project was initiated in 1955 as a research and development program entirely supported 
by private funds. The program was to determine the feasibility of a full-scale homogeneous plant in 
the 150 Mwle) size range, with an 80% plant availability factor. The initial expectation was that 
216 years of research, plus the knowledge to be gained through the homogeneous development work 
then under way at Oak Ridge, would produce enough information by the end of 1957 to determine 
feasibility and to provide a basis for a prudent decision on the building of a large scale plant. 

However, by the end of 1957 sufficient data had not been obtained to make a decision on plant 
construction, despite project expenditures of $5.5 million. It was therefore felt necessary to extend 
the program. The Atomic Energy Commission was asked to provide $7-million for future research and 
development during 1958-59, with final disposition to depend on the outcome of the two-year develop- 
ment program and the decision about building a large scale plant. This arrangement was subse- 
quently accepted by the Commission and approved by the Joint Congressional Committee on Atomic 
Energy. A central feature of this project was that it should be possible to determine technical feasi- 
bility in time to permit completion and initial operation of the full-scale plant by the end of 1963. The 
arrangement expressly provided that either the Commission or the companies could terminate the 
project for any reason prior to the end of the two-year period. 

However, contractual negotiations with the Commission had not been completed as of the suspension 
date, so all expenditures in 1958 were paid by Westinghouse and PP&L (with Baltimore Gas and Elec- 
tric Company participating) making their aggregate cost for the project to date approximately $9 
million, about 40% of which was for materials and equipment specifically designed for the project. 
The major part of the remaining cost was for payroll; there were 115 persons directly engaged in the 
project at the time of suspension, of whom 70 were engineers and scientists. 


Why the PAR Homogeneous 
Project Was Suspended 


By W. E. JOHNSON, Manager 
Atomic Power Dept., Westinghouse Electric Corp., Pittsburgh, Pa. 
and S. C. TOWNSEND, Manager 


Atomic Engineering Dept., Pennsylvania Power and Light Co., Allentown, Pa, 





THE PENNSYLVANIA ADVANCED Reactor (PAR) project, 
started in 1955 by the Pennsylvania Power and Light Co., 


As time has passed, the feasibility of going directly to 
the full-scale plant has decreased. The HRT program did 


and Westinghouse Electric Corp., was directed at the build- 
ing of a single-region aqueous homogenous reactor. Dur- 
ing the three and a half years the project was active, impor- 
tant progress was made toward the solution of many of the 
problems faced in the construction and operation of this 
type of plant and of fluid-fuel reactors in general. Much 
of this has been described elsewhere (1-4). What follows 
are highlights of developments that influenced the decision 
to suspend work on the project. 

At the inception of the PAR program, the existing work 
then underway at the Oak Ridge National Laboratory was 
evaluated. With the success attained by the HRE-1 and 
the construction program then underway for HRT (a two- 
region machine with a solution core and a slurry blanket), 
it was considered that successful operation of HRT, in 
combination with PAR research and development, could 
reasonably be expected to produce information that would 
allow scaling up to a full-sized plant. 
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not progress at the rate initially planned and the slurry 
blanket was never operated. At the same time, while no 
single problem facing the PAR slurry reactor appeared 
unsolvable, there remained many problems for which com- 
plete solutions had nqt been worked out. This multi- 
plicity of uncertainties in important areas of research, made 
increasingly critical in view of project time limitations, 
made doubtful the achievement of the contemplated 80% 
availability factor. This led to the conclusion that the 
construction at this time of a large-scale homogeneous 
plant of the PAR type was not technically feasible. 

The reactor cycle that was the focus of the PAR experi- 
mental and design studies is shown schematically in Fig. 1. 
It is an aqueous homogeneous system based on the thorium- 
uraniumcycle, The primary system generates 550 Mw(th) 
in a 12'4-ft-o.d. single-region spherical vessel, through 
which flows a suspension of oxides of thorium and uranium 
in heavy water. The flow rate is 32,000 gpm; inlet and 
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outlet temperatures are 465° F and 580° F, respectively; 
and, primary system pressure is 2,000 psi. Upon leaving 
the reactor vessel the flow divides into four 16-in. loops, 
shown as one in Fig. 1, and gives up its heat in four 
10,000-ft?-steam generators, one in each loop. Steam is 
generated on the secondary side at 400 psia; electrical out- 
put is 150 Mw. The proposed plant comprises, in addi- 
tion: a gas-handling system, a fuel-handling system, an 
integrated on-site chemical processing system, and a hot 
shop for the remote maintenance and repair of components. 

Based on present-day costs of fissionable material and 
heavy water, a plant such as this attains maximum fuel- 
cost economy at a Th concentration of about 300 gm/liter 
and a U*** concentration at startup of about 10 gm/liter. 
The U*** concentration decreases with time and that of 
U2 increases; the net conversion ratio at steady-state is 
about 0.86. Higher conversion ratios can be attained in 
such a system by the use of higher concentrations of Th 
and U and a larger reactor core, but at greater cost. At 
some future date economies will justify the building of a 
breeder reactor, but for the near future, the single-region 
plant is a logical step in the development of a technology 
that could lead to a two-region breeder reactor. 

Because of the reactor’s inherent advantages, the deci- 
sion to drop the project was made only after careful con- 
sideration. During 1958 regular quarterly reviews were 
conducted on the status of the project work and other re- 
lated developments, and it was as an outgrowth of these 
reviews that the conclusion was finally arrived at that the 
project would be suspended. 

The seven major problems existing at the end of 1958 
along with some indication of the progress made toward 
their solution are detailed below. 


1. Gaseous Recombination 


In aqueous slurry fuel reactors, heavy water decomposes 
radiolytically into deuterium and oxygen and must be 
recombined for both economic and safety reasons. This 
san be done either by a catalyst in the reactor system, or 
by external catalyst beds. In all early designs for PAR, 
internal recombination was preferred, based on the assump- 
tion that if a suitable catalyst was not found, an external 


system could be used. In these design studies costly and 
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FIG. 1. Simplified flow diagram of PAR primary system 
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complex auxiliary systems were required to prevent the 
accumulation of explosive gas mixtures in the external 
recombiner. As a result, it was concluded that a suitable 
internal catalyst must be found and thoroughly evaluated 
before proceeding to a full-scale plant. Some catalyst 
materials show promise, but uncertainties about the effects 
of irradiation, corrosion products, and long-term hydro- 
thermal treatment on the properties of these catalysts are 
great enough to preclude building a full-scale plant. 


2. Effects of Irradiation on Slurry Properties 


Much more information about the irradiation effects on 
the properties of slurry fuel and on additives (such as the 
catalyst) was needed before deciding to proceed with con- 
struction. To obtain this information, the PAR project 
entered into a joint program with the Oak Ridge National 
Laboratory to carry out such work in the new Oak Ridge 
Research (ORR) Reactor. Fig. 2 shows the first PAR 
project in-pile slurry test loop, which was to be followed by 
a series of similar loops. This loop was originally sched- 
uled for operation in the ORR Reactor in March, 1958, but 
due to technical difficulties and schedule delays, it will not 
be operated before mid-1959. A program review made it 
clear that the amount of data available by the end of 1959 
from this joint program, even with one or two added test 
loops, would not be sufficient to recommend full-scale plant 
construction. 

3. Reactor-Vessel Hydraulics 

The reactor vessel must be designed to insure uniform 
distribution of slurry in the vessel and to cool the thermal 
Progress was made toward the solution of the 
A series 


shields. 
problem of slurry distribution in the vessel itself. 
of low temperature tests was performed, not only with 
slurries of thoria but also with low-temperature suspensions 
of glass beads which simulate the high-temperature settling 
rates of thoria. The results of these tests were to be veri- 
fied in a high pressure, four-foot vessel to be installed in 
loop D (Fig. 3). 

Cooling of the thermal shields proved to be a bigger 
problem than originally anticipated. Several methods 
have been proposed, but each requires a considerable 
amount of testing and some would add major complica- 
tions to the plant system. Only through tests on a proto- 


type reactor can the true magnitude of the problem be 


determined. For this reason, project engineers and scien- 
tists again questioned the feasibility of proceeding directly 


with full-scale plant construction. 


4. Corrosion-Erosion 

During the past three years, project engineers and scien- 
tists have made considerable progress in determining 
corrosion-erosion properties materials used to contain or 
propel the slurry proposed for the full-scale plant. This 
data was accumulated during some 30,000 hours of circu- 
lating slurries through four 200-gpm loops similar to the 
one in Fig. 3. The data shows that with the velocities 
attained in most of the system, the corrosion-erosion rate 
will be less than one mil per year. However, where veloci- 
ties are high, such as on the impeller surfaces of the primary 
circulating pumps and at the plugs and seats of valves, 
erosion is a major problem. Screening tests have shown 
that for these areas, materials such as Zircaloy and titanium 
hold considerable promise, Because of special flow condi- 
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FIG. 2. In-pile slurry loop built for insertion in the Oak Ridge 
Research Reactor (ORR) 


tions in these high velocity regions, only tests made under 
actual operating conditions will produce results that can 
be meaningfully evaluated. For this reason, impellers 
made of these exotic materials must be tested in loops for 
long periods of time. 

Initial tests on 200-gpm Zircaloy impellers were sched- 
uled to start in early 1959 and tests on 4000-gpm impellers 
were scheduled for loop D in late 1959. These impellers 
could have been tested only a few thousand hours by early 
1960. The testing of valves of designs similar to those 
required for the final plant got underway in early 1958. 
Results have not been encouraging. While test programs 
on impellers and valves could and would have continued in 
parallel with plant construction, the amount of pertinent 
information available by early 1960 would have been 
extremely limited. 

5. Stress Corrosion 

The Project has, in the course of operation of the 200- 
gpm loops, experienced a number of small high pressure 
leaks that resulted from stress corrosion. In general, these 
leaks developed when the slurry was permitted to lie stag- 
nant for long periods. Design of later loops eliminated 
most of these stagnant areas and the thorium oxide prepa- 
ration was closely controlled to minimize the chlorides 
present as contaminants. As a result, chloride stress cor- 
rosion has not been encountered in the most recent test 
operations. There exists, however, a distinct possibility 
that an operating error, or the accumulation of slurry 
deposits, could initiate such troubles in the plant. Be- 
cause the presence of decay heat in irradiated slurry could 
have an effect on the build-up of such deposits, meaningful 
information should be obtained through the operation of a 
prototype reactor at power densities comparable to that 
proposed for the full-scale plant. 


6. Reactor Startup 

A problem recognized early in the course of the design 
studies was that of start-up of a slurry reactor, and par- 
ticularly, startup after an emergency shutdown during 
which solids were permitted to settle in the primary sys- 
tem. A number of methods were proposed to handle this 
problem and some seem feasible, and non-nuclear tests of 
some of these methods were planned. Calculations show 
that complete safety can be obtained without the use of 
external reactivity control such as control rods or reflectors; 
yet the importance of this problem was one of the factors 
contributing to the decision against building a large-scale 
plant at this time. 
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FIG. 3. One of four 200-gpm loops for slurries of thorium oxide 
and uranium oxide 


7. Plant Layout and Maintenance 


Problems associated with the maintenance of a fluid fuel 
reactor plant led to the choice of an all-welded plant, one 
in which equipment requiring maintenance would be re- 
moved by remote means and repaired in an associated 
“hot shop.” 

The layout of equipment for remote maintenance caused 
an increase in the physical size of the plant beyond any- 
thing previously expected. In most of the problem areas, 
answers can only be found through operation of a reactor 
plant having contamination levels similar to those in a 
full-scale plant. The extent to which contamination is 
spread throughout the plant when a component is removed 
from the system can only be found through the operation 
of a prototype, although successful techniques for handling 
such matters have been developed in operating plants such 
as the HRT, but at the expense of considerable down-time. 
To use a full-scale power generating plant to develop 
decontamination techniques appears uneconomical and 
unwarranted. The writers’ present outlook for such a 
project as PAR has obviously undergone considerable 
change as the research and development work has pro- 
gressed from 1955 to date. It has been just this research 
and development which has produced the appraisal of the 
cumulative difficulties and uncertainties described in this 
article. 

All of the problems that have been discussed are believed 
to be solvable with adequate time and effort. Certainly 
measurable savings in time and a greater assurance of 
reliability can be obtained by first proceeding with the 
design, construction, and operation of a prototype. Such 
prototype should be of sufficient size to produce informa- 
tion that could be extrapolated directly to a full-scale plant 
of 150 Mw/(e) or larger. But there remains a basic ques- 
tion to be answered: what development pace should now be 
set for the homogeneous reactor within an over-all nuclear 
power development program? Many elements are in- 
volved requiring most careful and thoughtful consideration 
because of the various changes in circumstances since 
mid-1955. Westinghouse and PP & L interest in the 
homogeneous reactor will continue; therefore, we consider 
that the PAR project has only been suspended, 
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TABLE | 


Safety Indices (Output per Life Lost)* 


Activity 


Index 
($ 10*/life) 





Automobile manufacturing 


Food industry 


Chemical industry 

Iron and steel products 

Petroleum industry 

Mining, except underground coal 

Underground coal mining 

All industries (my estimate) 

Scheduled airlines (output at 7¢ per passenger mile) 

Private car travel (output at 3.5¢ per passenger mile) 

Canadian railways, 1953 (passengers, 2.9¢ per passenger mile; 
freight, 1.5¢ per ton mile) 

Canadian electricity industry, 1954 (at 5 mills/kwh) 


* Sources: Refs. 2, 3, and 4. 
not otherwise stated. 


200 
87 


Output value estimated at $4 per manhour when 
Figures for United States except as noted. 


Statistical Analysis of 
Reactor Safety Standards 


Are we holding back our own progress by wasting money on reactor 


safety that would be better spent in improved design or even 


medical research? 


A method is proposed for finding out 


By ERNEST SIDDALL, Atomic Energy of Canada Ltd., Chalk River, Ontario 


THE STUDY OF nuclear-reactor safety is 
in an unsatisfactory state. Some as- 
pects of the problem have received 
quite disproportionate study and ex- 
penditure. 
possible to discover an over-all philoso- 
phy or aim behind this work. This is 
revealed when important advances in 


However, it is almost im- 


performance of some parts of a reactor 
are followed by no apparent change of 
thinking about the whole. The tend- 
ency seems to be more 
assurances and more safety measures 
as time goes by, despite the extremely 
favorable record of the industry. 

I would like to propose a 
whereby risks can be evaluated and 
efforts to meet them can be properly 
adjusted in magnitude. My equations 
are designed to decide how safe a sys- 
tem must be in view of both the cost of 
making it better and the damage that 
can result from failure. No doubt 
there are people who will not be satis- 
fied with this type of approach. If the 
premises of this paper are right, the 
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to demand 


system 


attitude of such people verges on simple 
nihilism, which is not likely to produce 
humanitarian 


much of economic or 


value. If the premises of the paper 
are wrong, it is urgent that better ones 
be found. 

The basic difficulty in thinking about 
safety is probably a failure to under- 
stand that the intrinsic danger of a 
process has little or no relationship to 
the effective danger it actually presents. 
For example, the annual production of 
insecticides in the United States ex- 
ceeds 15 X 10° human fatal doses (1). 
Yet insecticides rank low in accidentai 
deaths by poisoning, and all accidental 
deaths by poisoning form only a small 
category. Also, manufacturing photo- 
graphic film or fertilizers is about twice 
as dangerous as making explosives or 
fuses and powder (2). 


Safety and Dollars 


I suggest a common statistical basis 
to which estimates of both probable 
consequences of accidents and factors 


in the design of reactors can be referred. 
In terms of it design can be seen as an 
optimization rather than an endless 
struggle for more safety. 

The most useful common basis for 
most industrial compromises and opti- 
mizations is money. In safety studies, 
however, such a basis involves setting 
a prior value on human life and to a 
smaller extent on human suffering. 
Perhaps the emotional opposition to 
such an equation raises the greatest 
impediment to clear thinking and dis- 
cussion. Besides an economic study, 
therefore, I attempt to derive a humani- 
tarian balance. By chance, or perhaps 
for underlying reasons that are not 
obvious, it appears that the economic 
criterion is somewhat more severe than 


the humanitarian one. 


Humanitarian Aspect 


The worst possible misfortune that 
can befall a person is death, and, un- 
happily, all people are at all times ex- 


posed to arisk of death. This risk can 
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quantitatively as the 
probability of a person dying in a unit 
of time. For all Canada in 1954, the 
lowest mean risk, 0.55 X 10~* per year, 
occurred in age group 10-14 (3). By 
comparison, injury less than fatal (say 
within a month) can probably be 
ignored, since most nonfatal injuries 
are followed by fairly complete recov- 
ery. Even if there is disability, this 
can be offset financially, which is not 
possible with death. 

Almost invariably deaths are highly 
random in time and place since any 
systematic factor is almost certain to 
be eradicated very quickly. Thus if 
we wish to measure the risk that a par- 
ticular activity represents to a com- 
munity, the correct unit is the probable 
number of deaths per unit time it will 
If it is an established activity, 
this is the same as the number of deaths 
per unit time that it actually causes— 
if one bears in mind that this number is 
only statistically constant. 

It seems self-evident that in this con- 
text the actual manner of death, the 
time arid place of death and whether 
deaths occur singly or in large numbers 
in particular accidents or epidemics are 
unimportant. However, corrections 
may have to be made if mortality is 
age-selective in a way differing from 
other risks or if the life expectancy of 
survivors is reduced as it probably is in 
almost any type of serious injury. 

We have now defined the risk to a 


be expressed 


cause. 


that on the average this risk is accepted 
as part of the price of the pleasure and 
convenience of motoring. 

In general, a large fraction of acciden- 
tal deaths—and at least some so-called 
natural deaths—could be avoided if 
more money were spent on safety meas- 
ures or if wealth were sacrificed by 
working more carefully and more 
slowly or in not carrying out some of 
the more dangerous operations. The 
actual level of risk in various human 
activities and industries therefore rep- 
resents an acceptance level: the product 
justifies the risk. 

If we wish to deduce a universally 
applicable standard, it must be a ratio 
between such things as pleasure and 
wealth on the one hand and risk on the 


is based on the total man-hours worked 
in each industry since this is the only 
readily available information that re- 
lates the accident record to a scale of 
operation. The low figures for coal 
and other mining are actually opti- 
mistic. Additional deaths from occu- 
pational diseases, notably lung diseases, 
are not counted as accidental deaths, 
particularly since many of the victims 
are not actually employed in the indus- 
try when they die. 


Mortality Reduction 


Another point of great importance 
is illustrated by Table 2, which shows 
the decline in general mortality in 
Canada between 1921 and 1951. The 
reduction of mortality, particularly in 


The Author Brings the Problem into Focus 
A COMMENT BY W. B. LEWIS 


Those engaged in nuclear-power development find themselves facing a 


problem that can be stated very simply. 
world standards of living, but its development is expensive. 


Nuclear power promises to raise 
The benefits 


to come will be delayed by the expense not just in simple proportion but by 


a threshold of cost. 


can hold down the standards of living. 
In a few decades the world will judge whether we are then more subject to 
death and poorer than we might have been through overcaution or through 


underestimate of risk in nuclear power development. 


A small addition to the expense near this threshold 


The problem is to 


determine in advance the optimum balance between caution and risk. 


Nuclear Progress Is Essential 


The atomic energy industry in the free world is known to enjoy a remark- 


able record of freedom from serious accident; this affords a prized base for 
confidence that must not be hazarded. On the other hand a maxim such as 
“Safety at all costs” is valueless, for life in this world is not safe and our 
current high expectation of life in civilized countries depends on the high 


community. It seems satisfactory to 
regard safety as a parameter specific to 
a type of activity or to a person. In 


the latter case, a person’s safety can be 
defined as the inverse of his individual 
risk, and the safety of a community is 
the average safety of its members. 
Thus community safety is the number 
of people in the community divided by 
the probable number of deaths in the 
community in unit time. 


Safety and Other Goals 


However, increasing safety is not the 
One of the 
most dangerous large scale activities in 
many countries is private motoring. 
The death rate in road accidents in the 
United States in 1955 was 0.245 x 107% 
per This is equivalent to an 
average risk of death of about 3.8 < 
10~* per person-mile in private motor- 
ing (4). Most private motoring is 
voluntary. Accidents occur quite fre- 
quently in most areas, and there is no 
Thus it is clear 


only aim of a community. 


year. 


shortage of publicity. 
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standards of living. 
nuclear power appears essential. 


to seek a measure for the risks involved in their designs. 


To extend this to others demands progress in which 
Nuclear engineers are therefore obliged 


The author does 


much to bring this problem into focus; it will not be the last word nor the only 
viewpoint on this complex subject, but it can be recommended as a signif- 
icant contribution that sets a high safety standard. 


other. Fortunately in most western 
countries freedom of exchange of money 
means that such things as pleasure and 
wealth, at least in the framework of a 
study like this, can be equated with 
money. Thus the standard becomes 
“monetary value of output per life 
lost.” 

Table 1 attempts to show this stand- 
ard for some of the major activities and 
industries in the United States and 
Canada in 1955. The value of output 


—W. B. LEWIS 
Atomic Energy of Canada Ltd. 


early life, represents a saving of 
~340,000 lives in the period shown. 
Now my guess is that the gross national 
product (GNP) of Canada for this 
period is about 3.1 & 10"! 1957 dollars. 
Roughly speaking, therefore, one life 
has been saved per $910,000 of GNP. 
The reduction in mortality can be put 
down to our general increase in wealth, 
which has permitted better housing, 
feeding and hygiene. 

Alternatively it can be argued that 
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TABLE 2 Canada “Life Tables,’ 1921-195] 


1921 


(Excluding Quebec) 1941 





Popula- 
tion Deaths 
(10°) (10°) 


Popula- 
tion 
(10°) 


Popula- 
tion 
(108) 


Popula- 
tion 
(108) 


Rate 
(per 10%) 


Deaths 
(10°) 


Rate 
(per 10°) 


Rate 
(per 10%) 


Deaths 
(10°) 


Rate 
(per 10°) 


Deaths 
(10°) 





773 
520 
385 ‘ 
167 K 

28 : 


19.1 

1.993 
2/327 
3 
3 


773 
632 





only a small part of the GNP has in 
fact contributed to the saving of life in 
expenditure on medical research and 
medical services. In either case, how- 
ever, an increase in GNP is capable of 
Thus there is 


reason for in- 


being used to save lives. 
a direct humanitarian 
creasing our wealth. If a fraction of 
the GNP is held to have reduced mor- 
tality, this cost of saving a life may be 
very low compared with other safety 
measures. So the best way to increas« 
our over-all safety is to advance our 
thus 
as quickly as possible. 


technology—and increase our 


wealth 


Cost of Safety 


In the light of the above discussion 
of the hu- 
manitarian balance in deciding expen- 
diture on safety the 


we can now see the nature 


measures in 
nuclear industry. 

On the credit side the nuclear indus- 
try the 
coal mined and transported and thus 


will (a) reduce amount of 
reduce the number of people killed in 
those dangerous industries and (6) in- 


crease the wealth of the community, 





23.9 
3.24 


25.7 
2.955 

646 3.381 

295 6.438 
49 6.421 


1,052 
1,032 
5.24 676 
21.8 407 
131.0 72 


1,074 
911 





which we have seen is associated with 
a saving of life by reduced mortality. 
On the debit side it will (c) cause some 
deaths 
intrinsic danger of the process. 
to the cost of 
delay the growth of the industry by 


injuries because of the 
If then 
and 


and 


we add reactors 
greater expenditure on safety studies, 
increased safety margins and more spe- 
cial safety devices, we reduce factors a 
and 6 as well as reducing c. 

The exact balance point would re- 
knowledge of the differential 
effects, but where the cost of generated 


quire 


power is about the same as for coal- 
generated power, as it is likely to be in 
the early days of the industry, factor 6 
is zero and a straight balance between a 
and ¢ gives the degree of safety required 
in the reactor. 


Nuclear Power vs Coal 


Table 3 is a comparison of the rela- 
tive contribution to the community 
risk in nuclear and coal power stations. 
Of course there are other risks to be 
considered in the total comparison, but 
if we make the rather severe assump- 


Coal Mining May Not Offer a Fair Standard . 


A COMMENT BY MANSON BENEDICT 


| think this attempt to find an appropriate measure of the worth of reactor 
safety and of the permissible cost of means to improve it is very worthwhile. 
Siddall’s proposition that operation of nuclear power stations can be made 


safer than mining of coal is an interesting and provocative one. 


| am not 


convinced, however, that use of the coal-mining industry as a standard of 
comparison for the risks that might be allowed the nuclear-power industry is 


entirely fair. 
industries. 
mining. 


A nuclear-power industry also substitutes for the oil and gas 
For these the safety indices are much higher than for coal 


—MANSON BENEDICT 


Department of Nuclear Engineering, MIT 
Member, AEC Advisory Committee on Reactor Safeguards 


1 1,723 17.1 
1,089 1.543 
869 3.010 
506 10.350 
97 12.350 





tion that risks of manufacture and con- 
struction of the plants are equal, we 
can find the point at which a nuclear 
will break even with a 
risk. This 


the risk arising from accidents peculiar 


station coal 


station in will be where 


to a nuclear station is greater than 
that arising from accidents peculiar to 
coal stations by about (659 — 75) X 
10~!? = 584 X 107" lives per kwh. 

If the power is sold at 6 mills/kwh, 
this figure corresponds toa safety index 
in nuclear accidents of $6 X 1073 
<x 10-'? = $10.3 X< 10 per life lost. 

It seems reasonable to take a target 
five times better than this for the next 
years; that is, about $50-million 
life lost. Such a risk 
almost negligible in the over-all elec- 


584 


lew 


per would be 


trical industry. 


Economic Balance 
The 


straightforward. 


economic balance is more 
Accidents cost money 
in (a) loss of revenue from the disabled 
plant, (b) cost of repairing the plant or 
writing it off as a loss, (c) cost of com- 
pensation to workers and others for 
the 


can 


or damage suffered from 


The 


therefore be converted into an average 


injury 


accident. accident rate 


accident cost per year. However, by 
greater expense this accident cost can 
be reduced. For example: (a) More 
money can be spent in research and 
development work so that the problems 
Greater 
in all or 
(c) Impor- 
be multiplied 


are better understood. (b) 


safety factors can be used 
some parts of the design. 
tant 


and 


components can 


diversified. (d) Money can be 
spent on palliatives, such as enclosing 
shells and exclusion areas. 

The accident costs and the costs of 
can be 


to avoid accidents 
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reduced to a common basis, such as 
equivalent annual charges, by applica- 
tion of the correct interest and repay- 
ment rates. The best design is that 
which gives the lowest total. Expendi- 
ture that reduces accidents is more 
useful than expenditure on palliatives, 
particularly if the latter make rescue 
and repair work more difficult. This 
may be the case with enclosing walls. 


Safety Standards 


The mechanism of nuclear accidents 
has received a great deal of study. 
Unfortunately the usefulness of this 
has been largely vitiated by dispropor- 
tionate attention to the “ worst possible 
accident.” It is the average accident 
and its probability that have real 
meaning. 

A good illustration of the difference 
occurs in the aircraft industry. One 
could certainly postulate an accident 
in which 2,000 people were killed if an 
aircraft crashed on a theatre. Even if 
no one not in the aircraft is killed, the 
worst possible accident can still reason- 
ably result in 130 deaths, and this has 
actually happened. Yet the average 
number of people killed in 54 scheduled 
airline accidents in the USA in 1955 
was 3.5. 

The reason is quite fundamental: 
The worst possible accident occurs 
when a number of separate factors, 
each improbable and to some degree 
random, simultaneously . become as 
adverse as possible. This is a far less 
probable condition than that a smaller 
number of factors are adverse or that 
there is less adversity or both. This 
state of affairs makes accidents easier 
to deal with than they otherwise might 
be. The more numerous accidents of 


lower degree provide a warning and 
produce the right attitude of cau- 
tion toward larger ones. 

The record of nuclear-reactor opera- 


tion so far strongly supports these as- 
sertions. The humanitarian record 
of the industry im respect to nuclear 
accidents is far better than any of those 
shown in Table 1, and the total cost of 
nuclear accidents has been trivial com- 
pared with the whole operation. 
Nevertheless there have been several 
accidents causing serious damage to 
reactors. Clearly, in each of these 
cases, the combination of adverse fac- 
tors was far below the worst possible. 


Reactor Accidents 
The course of events in a serious 
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The Thesis Ils Good; Practice Is Difficult 
A COMMENT BY CLIFFORD BECK 


The basic thesis in this paper is clearly right, that a struggle for more and 
more safety in nuclear plants cannot be carried to infinite lengths; that there 
must somewhere be a point where one is satisfied to accept a balance be- 
tween the risks involved and other factors. The author is to be commended 
for the bold approach. It represents a significant contribution to the complex 
considerations involved in deciding the adequacy of safeguards required 
in nuclear plants. The enunciation of principles, perspectives and opinions 
is especially valuable in the provocation and stimulation of thought and 
imagination, which are particularly needed on this problem. 


Ingredients Are Uncertain 


The idea that in principle a balance between risk and other factors can be 
struck and a quantitative measure of adequate safeguards calculated is 
intuitively attractive. On the other hand, it is difficult to see how the pro- 
cedures suggested here can in practice lead to quantitatively better decisions 
than those now arrived at by present, largely subjective judgments. 

The basic difficulty arises from the extraordinarily wide range of possible 
values existing for all the parameters that would go into the equations one 
would set up in making the calculations outlined. When such essential 
ingredients of the calculations are so uncertain, it is not possible to obtain a 
confident answer. 


Is it as Good as it Looks? 


There are further difficulties with the humanitarian criterion described 
here. First, the procedure of taking 14 of the difference between the lives 
lost in the coal preparation process and the lives lost per kilowatt-hour in the 
nuclear fuel preparation processes as the target or reasonable safety goal for 
nuclear plant operations would not make the overall nuclear operation a great 
deal better than the coal operations—which have a particularly bad record. 
There would be some improvement—but not by a factor of 5 as might at first 
be assumed. On the other hand, if one should assume that the over-all 
nuclear process (fuel preparation and operation) should be 5 times better 
than the record of lives lost per kilowatt-hour in coal preparation alone, the 
humanitarian criterion would become more severe and would be at least 
as restrictive as the economic criterion assumed. 

There is an even more serious problem with the humanitarian criterion: in 
the coal processes, bad as they are, the people killed are the workers, who in 
any industry can be expected to accept the known risks of their employment. 
In the nuclear industry the tolerated “target” of lives lost would be pri- 
marily from the general public. This is one of the vast differences which 
makes this problem so difficult to deal with. Finally, from nuclear accidents, 
the humanitarian damages do not stop with those killed. There is not only 
the problem of the obviously injured but also the delayed-effects aspects of 
injury to individuals and the possibility of genetic damage—not only to a 
few individuals but also to significant portions of the population. 


Loose and Dubious Procedures 


Another criticism arises from the loose and dubious manipulative and 
calculational procedures used in arriving at the numerical conclusions. This 
does not necessarily detract from the principles suggested but does make it 
difficult to follow. This also reinforces the impression of the inherent 
uncertainties and necessity for subjective judgments in the methods out- 
lined here. It also demonstrates one of the principal reasons it appears 
impossible to utilize this method practically in defining quantitatively and 
with confidence a point at which further safety precautions are unnecessary. 

The validity of some of the secondary assumptions would be quite debat- 
able when details are examined. For example, it appears reasonable that 
“intermediate’”’ accidents will be statistically less frequent than “minor’’ 
ones, and “major” accidents still less frequent. But to set the ratios thus 
expected should depend on more than intuition. Moreover how one could 
always depend on small accidents as warnings in advance of a major one in 
any particular installation, is at best questionable. 

—CLIFFORD K. BECK 
Chief, Hazards Evaluation Branch 
U. S. Atomic Energy Commission 





reactor accident seems to be generally 
agreed. The events after a particular 
type of release of fission products have 
The report 
and 


been well described (5). 
has enough expert information 
estimates to permit a 
evaluation of the average consequences 
suitable for the approach outlined in 
this paper. A similar study (6) for 
a more specific case agrees well enough 


reasonable 


in its conclusions for our purposes. 
However, estimates of the amount of 
fission products achieving airborne 
form after a specified type of accident 
are very dependent on the type of 
reactor and must necessarily rely more 
heavily on human judgment. All 
reactors have one or more integral or 
superimposed stages of containment 
of the fuel, and it is the degree of fail- 
ure of these stages that most affects the 
degree of the accident. Many reactors 
have very effective control and protec- 
tive systems. These can have a radical 
effect on the probability and intensity 


of accidents. 


A Specific Application 


To illustrate what can be done in 
applying general safety standards to a 
case of the 


described 


particular reactor, the 
Canadian power 
in NPG-10 (7) can be studied in some 
detail. This reactor uses natural UO. 
fuel zircaloy sheathed. D.O at ~520° 


reactor 


F maximum temperature and 1,000 psi 
is the primary coolant. Fuel 
blies will be contained in 


assem- 


individual 


zircaloy pressure tubes, outside which 
is an insulating gas space and then 
an unpressurized D.O moderator con- 
tained in a large aluminum tank. The 
principal shielding is a heavy concrete 
floor over the whole reactor. 

Gross revenue of this reactor at 6 
mills/kwh and 0.8 load factor is 
$8.4-million per year. Therefore the 
target death rate from nuclear acci- 
dents is $8.4 K 10°/$50 * 10° = 0.17 
per year, and the break-even death 
rate with coal generators is about 
8.4 & 10°/10.3 X 10° = 0.82 per year. 

The economic criterion is more diffi- 
cult to put into the simple form of a 
target but it 
reasonable to take 2% of the gross 
This corresponds to an in- 


accident cost, appears 
revenue, 
surance premium. It seems improba- 
ble that further safety measures are 
justified once the accident cost is re- 
duced to this level. 
dent therefore 


year. 


The target acci- 
cost is $168,000 per 

Let us now consider the basic reactor 
with those safety precautions that are 
integral in its present design. We in- 
clude the highly reliable control and 
protective systems of NEI-74 and -75 
8) and the substantial degree of en- 
closure afforded by the proposed physi- 
cal arrangement. We omit any added 
containing shells and assume a location 
in the populated area postulated as 
typical for a large power reactor in 
Ref. 1. The exclusion 
radius of 2,000 ft. 


area has a 


TABLE 3 Power Costs in Lives and Dollars 


Operation Product 


Safety 
category 
(Table 1) (mills/kwh) 


Contribution 
to electrical- 
power cost 


Contribution 
to risk 
(10~" lives /kwh) 





NUCLEAR 
Mining, milling 
of U 


Precipitate at 
$9/lb U 


Mining, ex- 
cept under- 


0.49 


ground coal 


UO, fuel slugs 
at $25/lb U 
Fuel assemblies 
at $35/lb U 


Refining, sin- 
tering 

Fuel fabrica- 
tion 

TOTALS 

COAL 

Mining Coal at pithead, 

$8/ton 

Coal at power 

station, $10/ton 


Transport 


TOTALS 


Chemical 


Iron, steel 


Underground 
coal mining 
Rail trans- 
port 


The worst accident considered is the 
full-scale nuclear runaway. Tempera- 
ture coefficients of the reactor are 
rather low, and if means are provided 
for restarting after short stoppages or 
if large changes in output are con- 
sidered, excess reactivity will be well 
above that required for prompt criti- 
cality at all times. This excess reac- 
tivity will be held by the operating 
control system. A variety of protec- 
tive devices are part of the protective 
system, which will prevent all stages 
of a runaway if it functions correctly. 
The therefore re- 
quires that (a) the operating control 


full-scale runaway 
system increase reactivity at the maxi- 
mum possible rate with (6) a simultane- 
ous complete failure of the protective 
system. Other possibilities are con- 
ceivable, but these are of such lower 
probability that they can be ignored by 
comparison. Let the fre- 
quency of occurrence of a be fou and the 
probability that condition b exist be pps. 


average 


The consequences of the accident are 
assumed to be the escape to airborne 
form of 10% of the solid fission prod- 
ucts and 50% of the volatile fission 
products. With assump- 
tions one can deduce the deaths and 


additional 


damage caused by given releases (5). 
The figures for this worst accident are 
222 killed and $448-million damage. 
The contribution of this accident is 
therefore fou X Ppt X 222 killed, fou X 
Po X $448-million damage. 

Among less serious accidents are the 
following: 

c) Anuclear runaway of lower de- 
gree. The operating contro] system 
only partly or slowly runs away, or the 
protective system is only partly dis- 
abled. 
instance, in the 


Partial disabling happened, for 
NRX and EBR-1 
accidents. 

d) A primary-coolant-system burst 
and failure of the protective system. 

It is reasonable to assume that each 
of the component probabilities in c is 
ten times as great as in the preceding 
case, so that the probability of the 
condition is 100 fouppr. Let fer be the 
probability that the primary system 
will burst in one year’s operation. The 
total probability of this order of acci- 
dent per year is 100 fouppr + forPor. 

The airborne release for this type of 
accident is assumed to be 0.5% of the 
solid fission products plus 5% of the 
Thus death and damage 
numbers are: killed, 22; damage, $44- 
The risk contribution is: 
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volatiles. 


million. 





killed, (100 fouppr + feoppt) X 22 per 
year; damage, (100 fouppe + fooPor) X 
$44 X 10° per year. 

In addition we will have damage 
caused by lesser accidents, particularly 
by bursting of the primary coolant 
system even when the protective sys- 
tem works correctly. It is assumed 
that the cost of repairs and loss of 
revenue is $5 X 10°. 

Remembering that the target death 
rate is 0.17 per year and the target 
accident cost $168,000, we can express 
the two criteria by the following 
equations 


(Humanitarian) 


fou X Poe X 222 
+ (100 JeuPut + forPpt) > 4 22 = 
(2422 fu + 22 fer) Doe = 0.17 


0.17 


Economic) 


fouPot X 448 X 10° 
+ (100 foupot + feoppr) X 44 X 10° 
+ 5f X 10° = 0.168 X 10° 
4850 fou + 44 fev) X por + Sfer = 0.168 


It will be seen that f., must not ex- 
ceed 0.168/5 = 0.0336 per year, and 
that the values of f., and fou will always 
be limited by the economic criterion. 

One reasonable “solution” to these 
equations is f., = 0.02 per year, por = 
0.002, fou = 0.006 per year. 

Now we can translate these figures 
into targets for individual designers: 

The primary coolant system must be 
designed so as not to burst more often 
than an average of once in 50 years. 

The protective system must not com- 
pletely fail, despite failures in the oper- 
ational control system and bursting of 
the primary coolant system, more often 
than on one occasion in 500. Partial 
failures of the whole system can be 
tolerated on one occasion in 50 at the 
most. 

The operational control system must 
not fail at full speed in the direction of 
increased reactivity more often than 
once in 160 years. Partial ‘“net-up- 
ward” failures of the system can be 
tolerated once in 16 years. 

In the light of present knowledge and 
techniques, these targets seem to be 
reasonably attainable. 


What Does it Mean? 


It can be argued that the probable 
errors in this process are very large. 
This is true, but this is offset by the 
warning provided by minor incidents, 
which are much more probable than 
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For a Planned Society—And Why Not? 
A COMMENT BY GUNNAR RANDERS 


This article attempts to bring a sense of comparative values into the safe- 
guards problem. It is of particular relevance to the people who direct reac- 
tor projects. Top-level decisions must be made in design and operation 
that balance the cost of safety against the benefits of safety. 


A First Good Step 


A certain amount of courage and imagination is required to undertake 
such vague concepts as the dollar value of human lives, and it is not surpris- 
ing to find that the author’s treatment is oversimplified and weakened by 
compounded assumptions. Nevertheless this paper signals the first step in 
introducing safety consideration into the economic optimization of reactor 
complexes. 

The next step might be to enumerate our safety features, what they cost, 
and what they are worth. This would surely uncover some areas that have 
been overemphasized and others that have been neglected. We suspect— 
and an analysis such as this is necessary to confirm it—that the money so 
commonly lavished on containment shells could have been better invested in 
the realm of operator training and operational standards. Whether it could 
also be better used for hospitals brings the whole complex of modern social 


organization into the picture. 


Are Stricter Standards Needed? 


It could be argued that operational analysis should then be extended to 


the whole society with its numerous hazards of daily life. 


The question 


might further be raised whether all new achievements giving material 
benefit to us all should be measured with the standards of safety already 
used, or if the standards should be stricter since we introduce new hazardous 


factors. 


The operational analysis should thus incorporate old and new hazards and 


a possible weighting factor. 


The weighting factor should give place for the 


uncertainty in the evaluation of future development within each new field of 


activity. 


We are then moving towards a technically and economically planned 


society—and why not? 


—GUNNAR RANDERS 


Director, Joint Establishment for Nuclear 


major ones. In control systems, in 
fact, this feature can be exploited so far 
that statistical experience can be built 
up on minor mishaps that result in no 
consequential damage at all. The sys- 
tem, can be much more reliable than 
itscomponent parts. In bursting of the 
pressure system, the warning incidents 
—bursts followed by prompt shutting 
down of the reactor—carry only an 
economic penalty that should not be 
crippling. Needless to say, if the oper- 
ating record shows that the safety 
criteria are not being satisfied, the de- 
sign of the reactor must be changed. 
Meeting of performance targets can 
be checked from experience in time to 
avoid major accidents. If targets are 
met, money spent on a containing shell 
and consequent additions would be 
wasted. Economically, the reduction 
in cost of accidents would be less than 
the annual charges on the shell. From 


Energy Research, Lillestrom, Norway 


the humanitarian viewpoint, the money 
would have been better spent on safety 
measures in a dangerous industry, or 
better still, on medical research. 


» * * 


This article is based on the author's report 
CRNE-726 (Chalk River, 1957). Lewis's 
comment is taken from the foreword to that 
report. The other comments were solicited by 
NUCLEONICS. 
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INSTRUMENTATION and MEASUREMENTS 


Are Plateaus Significant 
in Scintillation Counting? 


By RALPH W. ENGSTROM and J. L. WEAVER 


Radio Corporation of America, Lancaster, Pennsylvania 


Epitor’s Note: After an afternoon 
session of the January, 1958, Scintil- 
lation Counter Symposium in Washing- 
ton a group remained to discuss plateau 
characteristics of scintillation counters. 
The discussion was continued through 
the mails and benefited from the com- 
ments of many experts whose contribu- 
tions are hereby acknowledged. 

A counting plateau can be defined as 
a range of counter voltage over which 
the counting rate is relatively constant. 
As applied to a gas-filled G-M counter, 
the counter voltage is the one applied 
between the center-wire anode and the 
shell. As applied to scintillation coun- 
ters, it is the voltage applied to the 
multiplier phototube. 

For both kinds of counters the con- 
cept has some usefulness. It enables 
the user to make a simple, satisfactory 
adjustment of his instrument. Oper- 
ation on the plateau provides for a 
minimum counting-rate change with 
fluctuation of voltage and changes in 
component characteristics. 

In the G-M counter, length and 
flatness of plateau are measures of 
good design and operation. On the 
other hand, it is not obvious that this is 
true of scintillation counters. Length 
and flatness are indeed related to such 
desirable characteristics as low dark cur- 
rent and minimal after-pulsing from 
regeneration. However, plateau char- 
acteristics depend many 
parameters that are not pertinent to 
application. For example, the strong 
dependence on photomultiplier gain 
leads to changes in plateau length by a 
factor of two that have no practical 
importance, 

The trend today is toward differential 
counting with pulse-height analyzers. 


also. on 


This is a more reliable technique; 
it provides more 
information; and it is a 
damental measure of photomultiplier 
operation. For this technique the 


70 


analytical 
fun- 


precise 
more 





Plateau 
-- (count increase + 
< 10% / 100 volts) 








Integral Counting Rote (arbitrary units } 





900 1J00 
Photomultiplier Voltage 


(300 


FIG. 1. Typical plateau is defined as 
portion of integral-bias characteristic 
in which change of counting rate per 
100-volt interval is less than a selected 
value. Taking “slope” over finite inter- 
vals results in different true slopes at 
ends of plateau 


important parameter is_ pulse-height 
resolution. The choice between pla- 
teaus and resolution for performance 
evaluation of photomultipliers is impor- 
tant in establishing industry standards. 
(See box on page 74.) 


Natures of Plateaus 


Detailed analysis shows considerable 
difference between G-M plateaus and 
those of scintillation counters. The 
G-M plateau is a true saturation; this 
is not so clearly true with a scintillation 
counter. 

In gas-filled counters, when the 
anode potential is near zero, only an 
event that deposits a large amount of 
energy in the gas creates a pulse large 
enough to be recognized. Each pulse 
has a magnitude proportional to the 
total number of ion pairs produced in 
the gas. As the potential is increased, 
there is a range over which this con- 
dition holds and the tube acts as a 
proportional counter. 

Eventually a potential is reached at 
which gas multiplication sets in. 
Events that make enough ion pairs 
produce pulses of a maximum size 





determined by external or internal] 
quenching. Counting rate continues 
to increase with increasing potential 
until all ionizing events trigger the 
tube completely. Pulses are all of 
maximum size, and no further counts 
are produced with increasing poten- 
tial. The counting-rate-against-volt- 
age curve has rounded the knee and 
reached the plateau. 

With further increase of potential, 
the plateau comes to an end and count- 
ing rate increases once again. This is 
caused by double pulsing, in which a 
few ions remain after quenching and 
cause a second pulse from a single 
primary ionizing event. Thus length 
and flatness of a plateau indicate the 
absence of a tendency of the counter to 
double-pulse. Operation on the pla- 
teau assures the user that he is (1) 
counting all events and (2) avoiding 
counting any event twice. 

In scintillation counters one must 
look for relationships among photo- 
multiplier gain, crystal size and type, 
analyzer bias, radiation source and 
nature of surrounding scattering ma- 
terial. A typical measure of plateau 
is the range of supply voltage over 
which a photomultiplier can be oper- 
ated with a sodium-iodide crystal and 
a Cs'5’ source so that the slope of the 
integral-bias counting rate as a func- 
tion of voltage is less than some 
specified amount. For example, this 
can be taken as 10% per 100-volt 
interval. This is illustrated by the 
experimental plateau characteristic in 
Fig. 1. The high-voltage end of the 
plateau can also be defined as the volt- 
age at which dark count has risen to 
some specified fraction of the plateau 
count. 

For comparison with the plateau 
characteristic, Fig. 2 shows a pulse- 
height distribution obtained with a dif- 
ferential discriminator. A Cs!’ source, 
a Nal(Tl) crystal, and an RCA 
6342-A photomultiplier were used. 
The 6342-A is the commercial version 
of the developmental photomultiplier 
RCA Dev. No. C-7164G, described by 
W. Widmaier at the January, 1958, 
Scintillation Counter Symposium. It 
is an improved 6342 with a curved 
inner faceplate that contributes to 
better electron efficiency and better 
pulse-height resolution. The tube also 
has an additional shield that prevents 
feedback and permits higher-voltage 
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FEATURES 


@ 1 MICROSECOND RESOLVING 
TIME 


BUILT-IN AMPLIFIER WITH 
SENSITIVITY OF 1 MV 


SEPARATE SUPER-STABLE 
HV POWER SUPPLY 
(5000 V. optional) 


ELECTRONIC TIMER 


6-DECADE COUNTING CAPACITY, 
ALL ELECTRONIC 


PREMIUM COMPONENTS 
FOR RELIABILITY 


7-9 DAYS Out Os 3p BD 
RADIOACTIVITY 
ANALYSIS 

| FF 510) 59-4 O) => 4 


Baird -Atomic University Series A 


PROVIDING COMPLETE SYSTEMS FOR SCINTILLATION, PROPORTIONAL and GEIGER COUNTING 


THE ULTIMATE IN SENSITIVITY, RELIABILITY 
AND SPEED FOR RADIOACTIVITY ANALYSES 


The B-A University Series Advanced Labora- 
tory is completely new in design and capabilities 
and is the most complete and most versatile radio- 
activity analysis laboratory available in the field 
of research today. It is capable of performing all 
types of gas and scintillation counting of alpha, 
beta, gamma and x-rays with ease and precision. 
The University Series Advanced Laboratory is 
completely versatile in that three different detec- 
tors can be used with the same fundamental sys- 
tem. With these three detectors, the laboratory has 
the capacity to handle the most highly specialized 
radioactivity analysis problems encountered in 
industrial or research applications. All component 
instruments have been precisely matched and 
tested to attain complete compatibility and relia- 
bility. Each of the Systems of the Advanced 
Laboratory contain these University Series instru- 
ments: Model 134 One Microsecond Glow Tube 
Scaler, Model 630 Glow Tube Timer and Model 
212 General Purpose Proportional and Scintilla- 
tion Amplifier. The choice of high voltage supply 
and detector depends upon the analytical method 
employed. Each instrument is unsurpassed in 
stability and scope. 


The University Series Advanced Laboratory is 
available as follows, for: 


SCINTILLATION COUNTING — University Series 
Scaler, Timer and Amplifier with Model 312 
“Super Stable” High Voltage Supply and Model 
810 Improved Scintillation Detector. 


PROPORTIONAL COUNTING — University Series 
Scaler, Timer and Amplifier with Model 319 5K V 
(or Model 318) High Voltage Power Supply and 
Model 821B Microthin End Window Flow Coun- 
ter, in Model 800D Shield. 


GEIGER COUNTING — University Series Scaler, 
Timer, and Amplifier with Model 318 High Volt- 
age Power Supply, and the Model 821B Flow 
Counter or any sealed geiger tube, in Model 800D 
Shield. 


Add the following accessories to provide complete 
facilities for all researchers: B-A Model 410 
Counter Rate Meter and Geiger Tube, the 1225 
Beta Sources, 1230 Gamma Sources, LC2 Carry- 
ing Case, and the Model 414 Single Scale Loga- 
rithmic Gun type survey meter. 








For further information on the B-A Universit 
Series Advanced Laboratory and other Systems, 
request Catalog A-2. 








Baird-Atomic, Inc. 


33 UNIVERSITY RD., CAMBRIOGE 38, MASS. 
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PORTABLE 
RADIATION 
MONITORS 


@ LOGARITHMIC RESPONSE 
@ BUILT-IN CHECK SOURCE 


Radector for gamma 
or gamma-beta. 
two 3-decade loga 
rithmic ranges. 
to 50r/hr or 500 


Radector with Sepa 
rate Probe f 





10 Series has wid 
est range of any 
survey meter... 
from .01 mr/hr to 


10,000 r/hr 


Also, The RAMS II 
(Remote Area Monitoring System) 


32 STANDARD PLUG-IN UNITS 
__* 20 CHANNELS - 


write...there’s more to tell! 


ELECTRONICS 


Alhambra, California 
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Count per 10-sec Interval 


(Channel width = 26 units) 


Photopeak 


Pulse-height 
resolution = 
awe * 











1 
100 200 


300 400 


Pulse Height (arbitrary units ) 


FIG. 2. 


width of photopeak at half maximum divided by pulse height at peak. 


pulse-height distribution 


operation with smaller dark current. 
This produces a longer plateau. 

A common measure of photomulti- 
plier performance is pulse-height reso- 
lution. This is the full 
width of the photopeak at half maxi- 
mum divided by the pulse height at the 
peak. Pulse-height resolution depends 


on both crystal and photomultiplier 


defined as 


properties. However, an independent 
measure of photomultiplier statistics 
ean be made with constant-magnitude 
light pulses from a pulsed cathode-ray 
tube such as RCA Dev. No. C-736874A. 
Sharp resolution requires good statistics 
in conversion of light pulses to elec- 
Pertinent photomultiplier 
characteristics are cathode sensitivity, 


trical ones. 


collection efficiency at the first dynode 
for electrons emitted by the cathode, 
and uniformity of cathode sensitivity. 
Dark current caused by single electrons 
from the 
portant in view of the usual large num- 
ber of photoelectrons per scintillation 


photocathode is not im- 


pulse. 


Derivation of Plateau 


An analysis of the relationship be- 
tween the pulse-height distribution of 
Fig. 2 and the plateau curve of Fig. 1 
indicates how one can be derived from 
the other. First, the 
characteristic curve of Fig. 3 can be 


integral-bias 
derived by integrating the data of 
Fig. 2 from right to left. 
plateau at the right of Fig. 3 is deter- 
mined principally by the depth and 
width of the valley to the left of the 
photopeak in Fig. 2. Thus it is 
closely related to pulse-height resolu- 


The small 


tion, but it does not correspond to the 
plateau of Fig. 1. 


Differential bias permits evaluation of pulse-height resolution, defined as 


This is typical 


In fact the plateau that is the subject 
of this paper does not appear in Fig. 3. 
It is related to the region of the curve 
near zero pulse height. 

Derived plateau curve. 
curve can be derived from the integral- 


A plateau 


bias curve of Fig. 3 by expressing the 
integral count as a function of photo- 
instead of pulse 


multiplier voltage 


height. The required relation between 
the marginal pulse height that just 
passes the bias and photomultiplier 
voltage can be obtained in two steps. 
First, a reciprocal relation is established 
between pulse height and current am- 
plification or photomultiplier gain. 
Second, gain as a function of photo- 
multiplier voltage is used to translate 
pulse height to a photomultiplier-volt- 
age scale. 

The height of the voltage pulse pre- 
sented to the discriminator is propor- 
tional to the product of the size of the 
light pulse from the crystal and photo- 
multiplier gain. Thus for a constant 
bias the pulse that is just accepted as 
marginal by the discriminator is de- 
the 
light-pulse height 


following equation: 
photomulti- 
plier gain equals a constant. Since the 


discriminator level is set arbitrarily, the 


scribed by 
times 


constant can also be assigned arbitrarily 
to fit reasonable values of pulse height 
and gain. For example, let the maxi- 
mum abscissa value of 500 in Fig. 2 
represent that light-pulse height that 
corresponds to a minimum photomulti- 
plier gain of 3,000. The arbitrary con- 
thus 1.5 X 10°. 
constant in our equation establishes the 


stant is Fixing the 
reciprocal relation between pulse height 
and photomultiplier gain. 

The necessary relation between pho- 
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ANOTHER 
SYLCOR 
“FIRST"’ 


STANDARD 
FUEL ELEMENTS! 


You can now design your research reactor to be fueled 
with one of four standard SYLCOR Fuel Elements. 

The SYLCOR Standard Fuel Element plan will re- 
sult in substantial reduction in over-all fuel element 
design and manufacturing costs. 

SYLCOR Standard Fuel Elements eliminate the 
cost of custom design, special drafting and engineer- 
ing, estimating time, special tooling and testing . .. 
and will permit us to stock and deliver fuel elements 
“off the shelf”. Standard control elements compatible 
with standard fuel elements will also be available. 

if you are planning a research reactor we suggest 
you write now for data sheets on SYLCOR Standard 
Fuel Elements, including standard grid plate orifice 
designs. 

SYLCOR will, of course, continue to produce cus- 
tom fuel elements to specific designs where your 
needs are of a special nature. 


SYLVANIA— 


Brief Description of SYLCOR’s 4 Standard Fuel Elements 


1. SYLCOR A-1891-C: 18 curved plates of 90% enriched uranium. 
Total loading per element: 196 gms. of U235 


2. SYLCOR A-1891-F: 18 flat plates of 90% enriched uranium. 
Total loading per element: 196 gms. of U235 


3. SYLCOR A-1091-C: 10 curved plates of 90% enriched uranium. 
Total loading per element: 165 gms. of U235 


4. SYLCOR A-1091-F: 10 flat plates of 90% enriched uranium. 
Total loading per element: 165 gms. of U235 


Send now for Data Sheets on SYLCOR Standard Fuel Elements. 
Write to Sylvania-Corning Nuclear Corp., Bayside, N. Y. 


CORNING 
NUCLEAR CORP. 
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Integrated Pulse Count (xi0~4 





—————— ee a. 
100 =200 300 400 
Pulse Height (orbitrary units as in Fig.2) 


FIG. 3. Integrating Fig. 2 from right to 
left produces integral-bias curve. This 
curve is related to Fig. | but has differ- 
ent abscissa parameter 


tomultiplier gain and voltage is ob- 
tained from published data. These 
data are shown in Fig. 4 for photo- 
multipliers 6655A and 6342A. Gain 
is shown on a reciprocal scale to facili- 
tate conversion to corresponding pulse 
height. Pulse-height values are also 
indicated on Fig. 4 in accordance with 
the relation just established between 
pulse height and gain. 

The integral-bias curve of Fig. 3 can 
now be converted to a plateau curve 
by using the relation between marginal! 
pulse height and supply voltage of 
Fig. 4. Figure 5 shows derived plateau 
curves for the 6655A with cesium-anti- 
mony dynodes and for the 6342A with 
silver-magnesium dynodes. Both 
curves are included to show how the 
more rapidly rising secondary-emission 
characteristic of cesium antimony re- 
sults in a shortened plateau as com- 
pared with a silver-magnesium-dynode 
photomultiplier. 


Interpretation 


The resulting curves of Fig. 5 do not 
show a rise at high anode potentials as 
does the experimental curve of Fig. 1. 
This is because the pulse-height dis- 
tribution curve of Fig. 2 was plotted 
for a moderate photomultiplier voltage 
so that no appreciable regeneration 
occurred. Since regeneration is a 
function of tube gain, arbitrary termi- 
nations have been indicated in Fig. 5 
at gains of 10°. 

There is a close correspondence be- 
tween the derived 6342-A curve and 
the experimental one. The derived 
plateau for the 6655A is only half as 
long as that of the 6342A because the 
gain of the 6655A increases more rapidly 
with voltage as shown in Fig. 4. Both 
plateaus in Fig. 5 extend over voltage 
ranges that correspond to pulse heights 


Supply Volts for 6655-A 


600___-800 L000 


Ww 
— 
© 


Gain (reciprocal scale) 





1J00 300 
Supply Volts for 6342-A 


FIG. 4. Gain characteristics of 6655A 
and 6342A show marginal voltage- 
pulse height as function of anode 
voltage. Relation between pulse height 
and gain permits addition of gain scale. 
Flattening near zero pulse height 
determines plateau length 


What Is the Choice for an Industry Standard? 


Scintillation counting plateaus depend on crystal size, radiation source 
and background scattering as well as the counting performances of photo- 


multipliers. 
standard plateau measurement. 


Thus it does not seem wise to try to provide an industry- 
It is better to put more emphasis on 


primary factors that determine the usefulness of photomultipliers in 


scintillation counting. 


Among these are: 


Good stability—to minimize sensitivity change in the integral counter. 
Low dark current and low feedback at high gain—to provide wide oper- 


ating-voltage range. 
current characteristic. 


This is indicated by a flat equivalent-anode-dark- 
Equivalent-anode-dark-current 


input is the 


amount of light at the photocathode that causes an output current equal 


to the dark current. 


A typical display characteristic shows this input as 


a function of photomultiplier sensitivity. 

High gain—to provide minimum power-supply requirement. 

High cathode sensitivity and good electron-collection efficiency—to 
provide good statistics required for good pulse-height resolution and, to 
a smaller extent, a more clearly defined operating voltage. 

The trend today is toward the more reliable technique of differential 


counting. 
resolution. 


14 


For this purpose the important parameter is pulse-height 


between 1.5 and 75 on the scale of 
Fig. 2. The major portion of the 
integral-bias curve is compressed into 
the region below the knee of the plateau 
curve. The minor flattening in the 
middle of the rise to the left of the 
plateau of Fig. 5 corresponds to the 
valley at the left of the photopeak of 
Fig. 2. 


Significance 


A long plateau provides latitude in 
both the voltage setting and the drifts 
in power supply and photomultiplier 
sensitivity. For modern, well-designed 
power supplies voltage drift is negligi- 
ble. However, photomultiplier gain 
changes during tube life. Thus any 
plateau-length requirement for scintil- 
lation counters should be judged by the 
amount of change in gain that can be 
tolerated. In this respect, both the 
short plateau of the 6655-A and the 
long plateau of the 6342-A in Fig. 5 
are of equal value. 

A more universal plateau curve can 
be drawn in which the abscissa is the 
logarithm of photomultiplier sensitivity 
instead of applied voltage. Because 
such a curve is not practical for the 
average a rule of thumb that 
provides equal reliability is to require 
photomultipliers with cesium-antimony 
dynodes to have only half the plateau 
length of corresponding tubes with 
silver-magnesium dynodes. If plateau 
length were the only important param- 
eter of photomultipliers relating to 
integral-bias scintillation counting, 
tubes could be designed with fewer 


user, 





v 


3 


4 Plateau, 
} 
| 


6655-A 


Integrated Pulse Count (Xx 1074) 





600 i If 
Photomultiplier Voltage (volts) 


FIG. 5. Taking gain into account per- 
mits deriving plateau curves that cor- 
respond to experimental ones. Sharp 
rise caused by regeneration has been 
inserted at gain of 10° 


stages and operated with stage voltage 
nearer the maximum for secondary 
emission. Alternatively tubes could 
be made with dynodes of lower gain 
than that of silver-magnesium. How- 
ever, the advantage of high gain at 
reasonable voltage would be lost. 
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This turn-of-century pressure indi- 
cator, satisfactory in its day, used 
a system of levers and springs 
driven by a pressure-detecting pis- 
ton to draw a comparatively crude 
curve on a cylinder. 


The last six decades have seen remarkable progress in pressure 
instrumentation, culminating in the extraordinary accuracy of 
Statham unbonded strain gage pressure transducers. These and other 
Statham instruments offer today’s instrumentation engineer the 
following benefits: 


Infinite resolution 

Highly linear output 

Minimum hysteresis 

Excellent repeatability 

Near-zero response of transducer to vibration and acceleration 
Unprecedented reliability and operating life 

The convenience of electrical calibration and checkout 


‘red Cor XVR 


WYR AOL SS COT O10 
OOF - COT -*24%eT oe 
ps. 


Because of these unique operational advantages, Statham pressure 
transducers are aboard nearly every major U. S. ballistic missile, 
satellite vehicle and lunar probe rocket. As we enter the space age, 
Statham research and development continues to meet the ever more 
challenging demands of instrumentation for ground, airborne 

and space environments. 


For specifications on Statham’s full line of pressure transducers, 
write for Data File NUC-596-1 
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Absolute Pressure Transducers 

Gage Pressure Transducers 

Uni-Directional Differential Pressure Transducers 
Bi-Directional (+) Differential Pr T d 





INSTRUMENTS, INC. 12401 West Olympic Boulevard, Los Angeles 64, California 





Optical instrumentation for 
accurate measurement of 
remote or inaccessible objects 


n 
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Gaertner M901 General-purpose Cathetometer 


CATHETOMETERS 

Gaertner Cathetometers are designed 
for accurate measurement of vertical 
distances or displacements. They are 
ideally suited for measuring where the 
object or action is remote or not acces- 
sible by ordinary means. Gaertner pro- 
duces a wide variety of precision-con- 
structed cathetometers to meet your 
individual requirements. 


®@ General-purpose Cathetometers— 
These combine a high degree of 
accuracy with a maximum of con- 
venience. Range 100 cm, focusing 
range 60 cm to infinity. 


Precision Cathetometers—For maxi- 
mum accuracy and rigidity. Read- 
ings directly to 1 micron. 
Micrometer Slide Cathetometers—For 
precise measurement of short vertical 
distances. Range up to 4” or 100 mm. 
With telemicroscope, focusing range 
12 cm to infinity. 
Co-ordinate Cathetometers — Permit 
making precise co-ordinate measure- 
ments on objects in a vertical plane. 
Focusing range 9” to infinity. Co-or- 
dinate measuring range up to 24"x42”. 
SPECIAL PURPOSE PERISCOPES 
REMOTE OPTICAL STRAIN MEASURING 
INSTRUMENTS 


Write for Builetin 162-56 
The Gaertner 
Scientific Corporation 
1257 Wrightwood Ave., Chicago 14, Ill. 
Telephone: BUckingham 1-5335 
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Continuous Air Monitor for H’ 


By J. BRINKERHOFF, C. A. ZIEGLER, R. BERSIN and D. J. CHLECK 


Tracerlab Inc., Waltham, 


In areas where tritium or tritiated 
water of high specific activity are used, 
check on air contamination 

We have developed 
monitor capable of ac- 


a routine 
is necessary. 
continuous 
curately indicating tritium concentra- 
tions of 0.1-100 times the maximum 
permissible concentration [2 x 10~° 
ue/em’® (1)] with an estimated error 
over the range not exceeding +5%. 
The instrument uses a flow-type ioniza- 
tion chamber (see illustration). 

Two general types of monitor have 
previously developed to meet 
this need. The first type, exemplified 
by the Los Alamos “‘Sniffer”’ 
a flow-type ionization chamber 
pled air flows through an open-ended 
chamber. Its response is unreliable 
mainly because of sensitivity to spuri- 
ous ionization. 


been 


(2), isalso 
sam- 


particle 
with 


The second type uses a 
counter. Sampled air 
counting gas is passed through a win- 


dowless flow counter where the 


mixed 


ioniz- 
ing events occurring in the sensitive 


Massachusetts 


volume of the counter are counted. A 
monitor of this type is reportedly 
capable of detecting tritium concentra- 
tions as low as the maximum permissi- 
ble concentration (MPC) (3). How- 
it is also sensitive to spurious 
well regulated gas 


ever, 
and the 
required entails a cumbersome 


counts, 
supply 
device. 

Being of the first type, 
avoids the complexity and bulk of the 
particle counter. However, by means 
of a filter and ion-sweeper system, it is 
airborne 


our monitor 


unresponsive to sources of 


ionization other than radioactive gases. 


Theory of Operation 


a concentration of 
tritium in air of C uwe/ml. The number 
of ion pairs formed per unit volume 


Let us assume 


per second, no, will be 
no = C(3.7 X 104) B/33 (1) 
where EF is the average energy of the 


beta particle (6,000 ev for tritium). 
If R is the number of recombinations 


Air pump 


lon chamber 


Air 
intake 








Particulate air filter 


TRITIUM FLOW MONITOR. 
matter and some ions. 


tion chamber—where remaining ions are removed from air. 
sweeper into hold volume, where ionization occurs if radioactive gas is present. 


Air exhaust 
— 


Measuring 
circuit and 
batteries 


Hold 
volume 


Sweeper plates 


Air is drawn through filter, which removes particulate 
Air then passes into sweeper—essentially a parallel-plate ioniza- 


ion-free air passes from 
Flow rate 


is such that virtually all ions formed in hold volume pass into ionization chamber before 


recombination can occur. 


Total volume of unit is ~4 ft® 
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TRIGM 


Pulsed Reactor 


Safe, practical pulsed operation of TRIGA has been achieved at 
General Atomic’s John Jay Hopkins Laboratory. During a two dollar 
step reactivity insertion experiment, reactor power was increased on 
a 10 ms period to a peak of 250 Mw (10'* n/cm?-sec peak flux). 
As fuel temperature increased, TRIGA shut itself down as a conse- 
quence of the prompt negative temperature coefficient of its 
uranium-zirconium hydride fuel-moderator elements. 


No boiling and no disturbance of the shield water level resulted 
from the pulsed operation. The integrated radiation dose just above 
the reactor tank was only 20 mrem, allowing the operating crew to 
be safely located immediately adjacent to TRIGA throughout the 
transient experiment as shown below. 


This capability of the TRIGA reactor has made possible the design 
of an intense pulse radiation source for use in experiments requiring 
the largest available instantaneous neutron flux, in medical and bio- 
logical irradiations, in activation work, and in many other fields of 
research. 





100 150 


4 i 





REACTOR POWER ( MEGAWATTS ) 


Write for complete information concerning TRIGA as a pulsed 
reactor and results of later, higher power experiments. 


GENERAL DYNAMICS 


GENERAL ATOMIC DIVISION 
SAN DIEGO 12, CALIFORNIA 











E.M.!. 
GENERAL PURPOSE 
MULTIPLIER PHOTOTUBES 


A range of end window, !|0 stage tubes 
with high average photosensitivity and 
efficient electron collection, having 
cathodes of Cs-Sb-O (S!! type). The 
tubes are overcapped with medium 
shell di-heptal 14 pin bases. 


TYPICAL CHARACTERISTICS 


TYPE 95368 95786 95798 
Window Diameter y 3” s” 


Peak Quantum 
Efficiency (at 420m) 12-15% 12-15% 12-15% 


Cathode-D! Voltage 150 300 450 
Overall Voltage 1200 1300 1350 
Gain 2xl0* 2x1!0* 2x 10* 
Dark Current UA 008 02 .04 


* Very low dark currents 
* High overall sensitivities * High stability 
* Guaranteed performance 


E.M.I. ELECTRONICS LTD. 


Valve Division, Hayes, Middlesex 
Tel: Southall 2468 
Cables: Emidata, London 


|INSTRUMENTATION 

| AND MEASUREMENTS 
| 

| 


This article starts on page 76 


per second per unit volume, then 


R = Bn? 2) 


| where B is the recombination constant 
and n is the number of ions per unit 
volume. The change in the number of 
ion pairs present may be represented 
as 

dn/dt = no — Bn? (3) 


whence 
n= Vno/Btanh VnmBt (4) 


If most of the ions are swept from 
|the “hold” volume into the chamber 
before recombination, the maximum 
current possible is 


Ty = noeV (5) 


where e = 1.6 X 10-'* coulomb, and 
V is the “hold” volume (in practice V 
is large compared to the volume of the 
ionization chamber proper, so the 
latter will be neglected). 

| If we set up the condition that we 
wil measure 0.98 of the ions created 
| in V, then the ratio of the measured 
| ionization current to the maximum ob- 
tainable ionization current will be 
x = 0.98, where 





I = neF (6) 
| F being the volume flow rate of the air 
| through the system (the pressure re- 
| maining at 1 atmosphere). Substitut- 


| ing Eq. 4 for n gives the ratio 


I _ F_ [no — 
— = —./— tank Bt (7) 
ly noV NB -_ V no (4) 


Substituting Ft = V and rearranging 


| 
| 
] 


- tanh V V mB (8) 
F 


| If we require I/Iy >"0.98, then 


| F— > 4orP > 4V VnoB (9) 
V V noB 


In practice, a flow rate is maintained 
such that J is of the order of 0.98 Jy, 
since increasing the flow rate further 
| would require greater collection volt- 
ages on sweeper and chamber with 
little gain in sensitivity o istability. 
With these equations, it is possible 
to design the system. Before proceed- 
ing to actual design considerations, 
however, it is important to emphasize 





certain points regarding the response 
of the instrument. The measured 
ionization current is directly propor- 
tional to the tritium concentration in 
the air, C: J = Iy = CK. The con- 
stant K = (3.7 X 10*/33)EeV. 

The measured response is independ- 
ent of the recombination constant 
(which may vary with temperature, 
humidity, etc.). Moreover, since the 
air that enters the “hold” volume is 
ion-free (by virtue of the filter and ion 
sweeper), the response is not affected 
by sources of ions other than radio- 
active gases. 


Instrument Design 


The monitor uses a cylindrical col- 
lection chamber of 9.8-cm i.d. and 
28-cm length. 

A conventional electrometer circuit 
measures the current. Full scale on 
the lowest scale is ~10~'? ampere, with 
the middle scale 10 times and the 
highest scale 100 times this value. 

With IJ = neV, the hold volume 
required for a sensitivity of 10-' 
ampere for the MPC of tritium in air 
(2 X 10-° we/cem®) is 46 liters. For 
98% collection efficiency on the least 
sensitive scale and B = 1.6 X 10° 
sec/ion pair/em*, a value for F of 27 
liters/sec was calculated. Thus, a 
substantially linear relation between 
ionization current and tritium concen- 
tration can be maintained up to a 
concentration of 100 * MPC, and the 
system will detect the tritium MPC as 
full scale on the lowest scale. 

A compact high-speed, heavy-duty, 
turbine-type air pump designed for 24- 
hr sampling provides the required flow 
rate through a particulate-removing 
filter. A parallel-plate ion sweeper is 
operated at 600 volts, this value being 
satisfactory up to ion concentrations of 
~1 esu/em*. A voltage of 100 volts 
is sufficient for the collection chamber 
proper. 

When the instrument was operated 
with the sweeper alone, i.e., no intake 
particulate filter, a large response 
(>10-'° ampere) was produced. This 
was eliminated upon filtering the input 
air, indicating that spurious instru- 
ment response was largely due to 
charged particulate matter. TFA type 
“S$” pleated filter* provides satisfac- 
tory filtration with minimum resistance 
to air flow. This combined filter- 
sweeper renders the instrument insen- 
sitive to any external ionization of the 
air encountered in normal usage. 

(Cont.) 


* Staplex Co., Brooklyn, N. Y. 
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Pressure Vessel 
Installation Heralds 
Early Completion 
of WTR 


This 60-ton pressure vessel has just been eased 
into its final position in the vapor container. 
With the placement of this key piece of major 
equipment, the operating date of this complete 
nuclear testing facility is approaching rapidly. 

By spring, this 20-mw testing reactor will 
be available to industry and to university 
laboratories for high-flux irradiation experi- 
ments, including those conducted under high- 
temperature, high-pressure conditions. Aux- 
iliary services will include: hot cells, reactivity 
measuring, critical experiment and gamma 
irradiation facilities. 

For contract reservations and assistance in 
planning tests of your nuclear materials, write: 
Westinghouse Testing Reactor, P.O. Box 1075, 
Pittsburgh 30, Pennsylvania. 


Photo taken December 5, 1958 
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Why you can afford to consider 
the cost of a heavy water reactor 


Heavy water is the key to more usable neutrons per dollar. And usable 


neutrons—not hardware—is what a research reactor customer really buys. 


This article describes a heavy water reactor that offers an unprecedented 


combination of power and usable neutrons for research and testing. 


AMF Atomics invites you to see 
why a capital investment in a heavy 
water -moderated reactor returns 
more research capability per dol- 
lar spent than any other type... 
and, to see how AMF has harnessed 
the advantages of heavy water in 
a reactor unmatched for its abil- 
ity to produce high fluxes (thermal 
and epithermal) and to put them 
where you can use them...in the 
experimental facilities. 


WHY HEAVY WATER? 


The initial capital cost of a heavy 
water reactor is higher than for 
types differently moderated. But, 
to produce the same, high usable 
flux levels heavy water makes pos- 
sible would require 2 to 3 times the 
capital investment if other moder- 
ators were used. The chief reason 
is... heavy water’s low neutron 
absorption which makes more neu- 
trons available for leakage into ex- 
perimental facilities. Other factors 
also contribute to the superiority 
of heavy water reactors. 


For example, heavy water as- 
sures long neutron lifetime, thus 
safer operation and thus savings 
in containment requirements. 


Further, heavy water means min- 
imum absorption in the reflector 
region, contributing to high ther- 
mal flux peaking. Because of the 
large thermal diffusion length of 
heavy water, thermal flux de- 
creases gradually so that high 
fluxes can be brought to bear over 
large experimental volume. Both 
these factors contribute to eco- 
nomical attainment of design ob- 
jectives. 

Leakage neutrons have a greater 
probability of finding their way 


80 


into the experiment...compared to 
a light water reflector, a much 
smaller percentage of leakage neu- 
trons are absorbed in the reflector 
or lost in the shield. 


In short, in terms of reactor de- 
sign for a given flux level, the phys- 
ics of heavy water for moderator 
and reflector expresses itself as... 
economy. 


Finally, an important non-scien- 
tific contribution to economy: 
heavy water can now be leased at 
nominal rates. 


WHY THE AMF UNIVERSAL 
RESEARCH & TESTING REACTOR? 


First, it is the only design that can 
satisfy the customer who wants a 
full range of nuclear research and 
testing facilities in one reactor. 


Costly multiple installations are 
eliminated, including multiple con- 
tainment structures and costly as- 
sociated mechanical equipment. 
This 10MW (or higher) reactor 
offers over 30 radiation facilities 
of which 11 are beam tubes with 
entry fluxes as high as 5 x 10"4 nv 
thermal (slightly lower for epi- 
thermal) ...a reactor that serves 
practically every research and test- 
ing purpose. The capital economies 
it makes possible are enormous. 


It can operate up to 30MW with- 
out modification and without main- 
tenance difficulties. The problems 
encountered at prolonged operation 
at 5MW or more with reflectors 
such as graphite are eliminated by 
use of a light water and laminated- 
steel thermal shield. 








A. Light water 

B. D20 

C. Laminated-steel 
thermal shield 








Epithermal as well as thermal neutrons are made available by re- 
entrant tubes in AMF Atomic’s Universal Research & Testing 
Reactor. Facilities include: 11 high flux beam tubes, 4 to 11 inches 
in diameter; 1 central core thimble; 8 vertical thimbles into re- 
flector; 2 grazing tubes; 2 isotope trains; 4 pneumatic rabbits; 


1 thermal column, 


Another example of AMF Atomics 
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CLEAN MECHANICAL DESIGN 


Liquid moderators have led to piping 
and control designs which are ex- 
tremely costly to install, maintain and 
work around. AMF’s many years of 


solving complex mechanical and hy-| 


draulic problems...for a wide range 
of industrial applications ...have pro- 
duced an exceptionally clean mechani- 
cal design in this reactor. In addition, 
control rod drives are AMF’s proven 
design. The rods are latched magneti- 
cally within the core vessel eliminat- 
ing the problems of scramming 
through a seal. 


observed to be linear up to concentra- 
4 ] 


Eithe ‘“‘Sniffer”’ 


— PREPS Re 


The reactor is now nearing completion at 


Tokai Mura, Japan. Note absence of com- 
plex piping, simplicity of mechanical design. 


The reactor is easy to install and 
disassemble for maintenance...again 
contributing to economy. Mechanisms 
and drives are located outside the bio- 
logical shielding for easy access. 


Refueling is accomplished with a 
simple, manually operated machine 
that greatly reduces risks in handling 
of spent fuel. 


16TH RESEARCH REACTOR 
UNDER CONSTRUCTION 


AMF Atomics is presently building its 
16th research reactor. All this experi- 
ence has been applied in the design of 
the UNIVERSAL RESEARCH AND 
TESTING REACTOR. The first in- 
stallation will soon go critical at 
Tokai Mura, Japan and will be the 
main research tool of the Japan 
Atomic Energy Research Institute. 


AMF Atomics, 140 Greenwich Ave- 
nue, Greenwich, Connecticut. 


INSTRUMENTATION 
AND MEASUREMENTS 


This article starts on page 76 


Testing and Calibration 


Gamma rays were used to calibrate 
the instrument and to test operation. 
The dose rate corresponding to the 
| MPC for tritium is 0.23 mr/hr. With 
predicted values of flow rate and with 
ithe hold volume in a uniform gamma 
\field of 0.23 mr/hr, the instrument 
gave an indication corresponding very 
closely to the predicted value of 107! 
‘ampere, i.e., full scale for the tritium 
|MPC. The system response was also 
|tions corresponding to 100 times this 
‘value. 

It was brought to our attention that 
flow-type ionization 
| chamber utilizing a paper filter showed 
erroneous tritium concentrations in an 
environment containing tritiated water 
vapor due to buildup of water vapor 
on the filter (4). This effect has not 
| been noted in our instrument, probably 
|because much higher flow rates are 
used. 


'Background Response 


When the system is in operation, it 
jis equivalent in sensitivity to a satu- 
rated static chamber of volume 
}equal to the “hold” volume (in this 
‘case 46 liters). 


ion 


This, of course, makes 
|it sensitive to external radiation. 

In operation, the 
external background radiation as about 
‘65 of the response to the MPC of 
tritium, or about 0.01 mr/hr, corre- 
sponding to the value ordinarily en- 
This sensitivity makes it 
in present form at 
least, for use in strong gamma fields. 


system records 


countered. 
unsuitable, its 
It is possible, however, to use a sepa- 
chamber to 
cancel out external radiation effects.* 


rate pressurized static 





Other Applications 


The adapted to | 
measure radioactive gases other than 
tritium. It 
sampler for particulate airborne ma- 
terial. 
objects for surface contamination by 
inserting them into the hold volume. 


VITREOSIL FUSED C 


monitor can be 


can also be used as a 


It is possible to monitor large 
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OFFERS THE FINEST 
PROPERTY VALUES 
FOR FINER PRODUCTS 


@ Absolute Chemical 
Purity 


@ Extreme Heat 
Resistance 


@ Thermal Shock 
Resistance 


@ Chemical inertness 


@ Outstanding Electrical 
Properties 


@ Full Range Radiant 
Energy Transmission 


In laboratories and other 
applications where critical 
requirements must be met, 
there is no room for second 
best. Vitreosil possesses 
properties of greatest value 
for: ultra-violet applica- 
tions, metallurgical investi- 
gations, chemical research, 
photochemistry, spectrosco- 
py, and many uses in phys- 
ical, optical and electrical 
research as well as prod- 
uct operations. 


Vitreosil is available in an 
unusually wide variety of 
types and sizes—Or, we'll 
be happy to fabricate to 
your specifications. Write 
us about your requirements 
today. For your conven- 
ience, use the coupon be- 
low. See our ad in Chemical 
Engineering Catalog. 
THERMAL AMERICAN 
FUSED QUARTZ CO., INC 
8-20 Salem Street 


Dover, New Jers 


Please send technical data on 
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pe/em? 

B. C. Eutsler, ef al., nucLeontics 14, No. 9 
114 (1956) 

G. E. Driver, Rev. Sci. Instr. 27, 300 (1956) 
B. C. Eutsler, private communication 
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PRECISION 


measurement 
and control 


GORDON 
XACILINE 


Controls tempera- 

ture automatically 

within a fraction of 

a degree in any heat proc- 

ess. A complete factory-assembled unit 
ready for installation anywhere. Can be 
used with any existing indicating or re- 
cording pyrometer controller 
—regardless of age. 


GORDON 
XAC|EMP 


Hand Pyrometer 


A quality-built, conven- 

ient instrument for quick, 
accurate temperature read- 
ing in molten nonferrous 
metals. Also, other models 
of Xactemp for all-around 
temperature checking, 


GORDON 


SERVRITE 


Thermocouple Wire 
Thermocouple Extension Wire 


Insulated in Gordon’s own plant 

to assure consistent quality. 

All standard wire and insulations 
carried in stock for quick delivery. 
Other wires, in long or short runs, 
manufactured to specifications. 


Full Particulars on Request 


CLAUD S. GORDON CO. 


gineers ® Distributors 


619 West 30th Street, Chicago 16, Illinois 
2015 Hamilton Ave., Cleveland 14, Ohio 


Log P trip seal trip 











Log P trip 


Log-rate 
trip 





Trip-level adj 








« y circuit 
Mech} link 


























FIG. 1. Operation of period meter. 
Input current unbalances bridge formed 
by pentode, R;, R2 and R3; a-c signal from 
modulator changes position of potentiom- 
eter R, through servomotor until bridge is 
balanced through screen-grid connection 
of Ry. Reactor power level is indicated 
by V.. or Rg position. Log P trip device 
can be geared to R, shaft. Second 
potentiometer mechanically linked to R, 
provides isolated log P output for control 
or recording. Tachometer output, pro- 


Rq 
is 
~~ 
Log P 


portional to dV,./dt, is fed to phase- 
sensitive detector (or ring demodulator), 
which gives output only when reactor 
power increases; output is sufficient for 
recording, control and tripping reactor. 
Ring-type modulator, using silicon diodes, 
responds to signals of ~5 X 10~* amperes. 
Transistorized servoamplifier consists of two 
class A stages followed by push-pull driver 
stage and push-pull class B output stage; 
power transistors are coupled to servo- 
motor control field 


Logarithmic-Amplifier Period Meter 


By A. PEARSON 


{tomic Energy of Canada, Ltd., Chalk River, Ontario, Canada 


and Y. J. FOKKINGA* 


Sperry Gyroscope Company of Canada, Lid., 


The reactor-period instrumentation 
described here is completely transistor- 
ized except for one vacuum tube serv- 
ing as the logarithmic element. An 
| electromechanical servo loop provides 
| an isolated logarithmic output signal, 
}and a tachometer linked to the servo- 
| motor provides a log-rate or period 
| signal. 

The device can be used for the follow- 
ing applications: 

1. Monitoring log power and log 
rate during reactor startup without 
range switching. 

2. Reactor control during part of the 
startup cycle for reactors with auto- 
matic startup and, if made linear in the 
reactor operating range, control in that 
range. 

3. Gamma monitoring if combined 
with a suitable ion chamber; an ioniza- 
tion chamber has better calibration 
than a scintillation photomultiplier. 


* PRESENT ADDRESS: University of Al- 
berta, Edmonton, Alberta, Canada. 


St. Laurent, Quebec, Canada 





E, =15v 

E, = 55v 

Ry = 2Meg 
Tube = 6SJ7Y 


---~— ideal 
—— Typical 


5x10 ¢ 
Grid Current (po ) 


Screen Volts 








5x104 


FIG. 2. Typical logarithmic output signal 


Intense radiation causes spurious sig- 
nals in a photomultiplier but not in an 
ionization chamber. 

4. Service as a simple reactor simu- 
lator if modified to obtain the anti- 
logarithm of an input. To accomplish 
this, the servo system would control 
the grid current and produce an iso- 
lated signal proportional to this current 
while the input is applied to the screen 
grid 


Over-all Design 
This design makes use of a pentode 
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Special Introductory Offer 





AANY ONE 


GIVEN TO YOU WITH A CHARTER MEMBERSHIP 
AND SENT WITH YOUR FIRST SELECTION 


Publisher’s 

Price, 

$7.50 
Club Price, 

$6.40 
Reactor Shielding Design 
Manual edited by T. Rock- 
well, III. Methods and data 


for designing reactor shields. 


Goode an 


Publisher's 
Price, 
$6.50 
Club Price, 
$5.50 
Principles of Numerical Anal- 
ysis by A. S. Householder. 


For setting up and evaluating 
computing routines. 


torer. 


System Engineering by 
$ R. £. Machol. 

Helps you solve design prob- 

lems of large-scale systems. 


realization methods 
proximation techniques. 


Publisher’s 
Pri 


$10. 
Club Price, 
$8.95 


ice, 

.50 . 
Club Price, 
$5.75 
H. H. Introduction to Atomic Phys- 
ics, 2nd Ed., by O. Olden- 
berg. Relates theoretical 
ideas to experimental facts. 


Publisher's 
Price, 


$9.00 
Club Price, 
$7.65 


Passive Network Synthesis b 


Covers 


and ap- 


Electronic Analog Computers 
by G. A. and f M. Korn. 
Practical treatment of d-c 
analog computers. 


bo 


Control of Nuclear Reactors 
and Power Plants by M. A. 
Schultz. i 


proach to control of reactors. 


To new members of the 
ELECTRONICS and CONTROL ENGINEERS’ Book Club 


V4 VALUES FROM 
$6.50 to $18.00 





$7.75 
Club Price, 
$6.60 


Pulse and Digital Circuits 
° illman and H. Ta 
xplains circuits for effective 
electronic system design. 


by 
ub. 


Engineering ap- 


Publisher's 
ce, Price, 


$18.00 $7.90 
Club Price, Club Price, 
$15.30 $6.75 


Television Engineering Hand- Modern Mathematics for the 
book by D. G. Fink. i E. F 
data needed 
operate TV equipment. 


Modern Engineer edited by > : 
to design and Beckenbach. Applies advanced 
mathematics to technology. 


How many of the books shown here do you wish you had immediately at hand? 


Select one AS A GIFT! Choose from Passive 
Network Synthesis, System Engineering, Pulse 
and Digital Circuits, and seven other valuable 
books . your introduction to membership in 
the Electronics and Control Engineers’ Book 
Club 


If you’re missing out on important technical 
literature—if today’s high cost of reading curbs 
the growth of your library—here’s the solution to 
your problem. The Electronics and Control En- 
gineers’ Book Club was organized for you, to 
provide an economical technical reading program 
that cannot fail to be of value to you. 


All books are chosen by qualified editors and 
consultants. Their thor ing understanding 
of the standards and values of the literature in 
your field guarantees the authoritativeness of the 
selections 


How the Club operates. Every second month 
you receive free o e The Electronics and 
Control Engineers’ Book Bulletin (issued six 
times a year). This gives complete advance 
notice of the next main selection, as well as a 
number of alternate selections. If you want the 
main selection you do nothing; the book will be 
mailed to you. If you want an alternate selec- 
tion or if you want no book at all for that 
two-month period ... notify the Club by re- 
turning the form and postage-paid envelope en- 
closed with your Bulletin 


We ask you to agree only to the purchase of 
three books in a year. Certainly out of the 
large number of books in your field offered in 
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any twelve months there will be at least three 
you would buy anyway. By joining the Club 
you save yourself the bother of searching and 
shopping, and save in cost about 15 per cent 
from publishers’ prices. 


Send no money now. Just check any two 
books you want—one FREE and one as your 
first Club selection—in the coupon below. Take 
advantage of this offer now, and get two books 
for less than the regular price of one. 


THIS COUPON IS WORTH UP TO 


Engineers’ Book Club. I am to receive my 
with my first selection, both check 

bill me for my 
plus a few additional cents for postage and 
Club assumes this charge on prepaid orders. 
selections will be described 
cline any . 
in 12 months of membership. 


PLEASE PRINT 


Address 
City 


Company 


§ NO RISK GUARANTEE: Ii 
§ return your first shipment within 1 


—_ will be canceled 


The McGraw-Hill Electronics and Control Engineers’ Book Club, 
330 West 42 Street, New York 36, N. Y. P. O. Box 97. NU-2 
Please enroll me as a member of the Electronics and Control 


ed at the right. 

selection only at the special club price, 
dling. 
Forthcoming 
to me in advance and I may de- 
I need take only 3 selections or alternates 


not cotmmtensty satisfied, you may 
days and your member- 


Check 2 books: We will send the | 

higher priced book os your FREE | 

book: 

—Reactor Shielding Design 
Manual 

—System Engineering 

—lIntroduction to Atomic Physics 


—Control of Nuclear Reactors 
and Power Plants 


—Pulse and Digital Circuits 

—Principles of Numerical Anal- 
ysis 

—Passive Network Synthesis 

—Electronic Analog Computers 

—Television Engineering Hand- 
book 


(The 


—Modern Mathematics for the 
Engineer 
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for radiation 
measurements... 


The name Ekco Electronics, Ltd. signifies more than world-wide repre- | 
sentation and acceptance on six continents. Whether it be instruments 
for precise radiation measurements, unique laboratory research, reactor 
monitoring, public health and plant safety, or industrial gaging through 
isotopes, Ekco Electronics, Ltd. on the nameplate of an instrument 
represents the acme of excellence in design, performance, dependability 
and long-lasting value. An impressive list of companies and institutions 
throughout the world use Ekco equipment. 





Instruments shown above are a small part of the complete range of 
instruments, accessories, and systems described in the EKCO catalogs. 
We cordially solicit your inquiry. 








. Scintillation Counter . Ratemeter N522 
N550A; N612 for C.. and . Radiation Monitor N571 
Tritium — . Linear Amplifier N568 
- Automatic Scaler N530 . Vibrating Reed Electrometer 
. Scintillation Counter N559 N572; Tritium Air Monitor 
. Scaler N529 . High-Resistance Measuring 
. Slow Neutron Monitor N578 Set N535 











EKCO ELECTRONICS, LTD. 


In U.S. A., address all inquiries to: 
American Tradair Corporation, 34-01 30th Street, 
Long Island City 6, New York 


TATION: ARGENTINA—Tecnics Industrial Myb, Buenos Aires AUSTRALIA—Siemens Pty, Lid . Sydney * BELGIAN 

RL. bi idville * yoo M—Physique induotriette Brussels + BU - Ruttonsha Lid, Re * CHILE—Jaime 

* DENMARK—Semie: Matthiassen, Copenhagen * EGYPT—Airmec a iro * FINLAND—Oy Siente Ab, Helsinki + 

Ge + FREN cn moROCcCCcO— = ts ro Keliner Conabionse . ey Karayannis, Athens + HOLLANO—Lindeteves 

& En Bombay * RELAND—Ketly & Shiel Ltd.. Oudi * ITALY—ing. Silvio Garrone 

lobe * ante teen hacen Tel-Aviv * NEW ZEALA ND— ues ratte theo Co Ltd. Auck 

pera’ et havty Osto. ° oa ore Com. Crocker Delatorce a Co.. SA.R.L., Lisbon HODESIA—Central 

frican Redio & Elect. itd, S. Rhodes Sino: Brith: ish Ltd Bongtos * SOUTH Arnica Kruger 4 wilson tien Johannesburg * 
SWEDEN—Erik G. Uliman, Stockholm * SWITZERLAND envi Ss 1G —Prescom Trading Co, Montevideo 
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Meter Specifications 
Range: 5 X 10-*-25 ya 


Logarithmic output: ~3 volts 
decade taken from screen grid 
(or in shaft rotation, ~10 rad 
decade); output from separate 
potentiometer may be much 


higher 
Logarithmic rate: 0-10%/sec 


Logarithmic rate output: Depends 
on tachometer type used 


Trips: (a) Cam-controlled switch 
set at any power level within 
range of instrument. (b) 
Transistor trigger circuit set to 
fire at any value of logarithmic 
rate within range of instrument; 
alternatively, magnetic ampli- 
fier can be used 





in which the plate current is held 
|constant by feedback to the screen 
| grid by a servo-driven potentiometer, 
the servo system responding to devia- 
|tions of the plate current (1-4). 


| Since the gain ratio G between control 


| grid and screen grid can be assumed 
constant over the range under consider- 
ation, the screen-grid voltage will vary 
proportionally to the logarithm of the 


control-grid current. The servomotor- 


drive tachometer gives an output signal 
proportional to the rate of change of the 
screen-grid voltage and is thus propor- 
tional to the logarithmic rate. The 
arrangement is shown in Fig. 1. 

The use of the pentode as both diode 
and amplifier has two advantages over 
a separate diode followed by an elec- 
trometer-type amplifier tube: (a) The 
influence of cathode thermopotentials 
is reduced by a factor of G.  (b) Vari- 
ations in cathode temperature cause 
opposing effects on the cathode-grid 
and cathode-plate relations and thus 


| tend to cancel out. 


The electromechanical servo loop 


| offers several possibilities: (a) A me- 


chanical log P indicator (or recorder) 
can be coupled directly to the gear 


|train. (b) A cam and switch can be 
| driven off the gear system to provide a 


| 


reliable and adjustable power trip. 
(c) An isolated log P output can 
easily be obtained. 

A true logarithmic output signal de- 
pends mainly on the logarithmic re- 


| sponse of the vacuum tube and the lin- 
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The DS8 basic scintillation detector 
weighs less than 5 ounces, and is just 
1” in diameter. 


Versatile New Scintillation Probe Detects 
Fast or Slow Neutrons, Gammas, and Betas 


Completely new, the Nuclear-Chicago Model DS8 
Scintillation Probe provides precision detection of 
fast or slow neutrons, gamma and beta radiation. 
Utilizing a unique new 10 stage, 4” photomul- 
tiplier tube and a completely transistorized elec- 
tronic circuit, the probe is completely water tight 
and corrosion proof. A resolution time in the micro- 
second region permits its use in extremely high 
radiation fields. 

Two neutron probes are offered for flux measure- 
ments in reactors or subcritical assemblies. The 
neutron sensitive volume is confined to the very 
ends of the 42’”’ probes so that “‘point” measure- 
ments may be made easily. Probe housings are 
quickly removed to permit substitution of slow 








Shown here being used with Nuclear-Chicago Model 9000 Sub- 
critical Training Reactor to measure slow neutron flux at various 
points in the lattice, neutron probes are 42” long and are avail- 
able in two diameters, 3/4” and '1/32”. 


Fine Graliumenta- Research Quatiiy. Radiochemioals 
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neutron or fast neutron sensitive phosphors. These 
long probes can also be supplied with sodium iodide 
crystals for gamma detection. 

Three needle probes with 2.5 mil wall thicknesses 
are available for beta and gamma detection. 
They are unequalled for measuring radiation in 
almost inaccessable areas where highest resolution 
is essential. 

For more than 12 years we have been designing 
and manufacturing high quality, dependable in- 
struments for detecting and measuring radio- 
activity. We will be glad to furnish you complete 
information on this new DS8 Scintillation Probe or 
on other Nuclear-Chicago instrumentation or our 
Research Quality Radiochemicals. 








“<8! 


Shown here in use during thyroid surgery, Model DS8 is offered 
with three beta-gamma sensitive needle probes 2 mm, 3 mm and 
6 mm in diameter, 10 cm to 15 cm in length. All probes are easily 
interchanged by loosening a simple hand nut. 


nuclear - chicago 
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235 WEST ERIE STREET CHICAGO 10, ILLINOIS 





Now! 


CUMULATIVE 


REPORTING 
available with 
LANDAUER 

FILM BADGE 
SERVICES 


The Landauer film badge 
services now offer full compre- 
hensive reporting. For each 
badge, routine reports will list 
the code number, name (op- 
tional), present dosage, sum of 
dosage during latest 13 con- 
secutive weeks, and sum of 
dosage to date for year. 

This new reporting feature 
follows the established policy 
of R. S. Landauer, Jr. & Com- 
pany to provide the finest serv- 
ice possible and to meet the 
highest professional standards. 
Landauer film badge services 
are used by leading universi- 
ties and research laboratories 
throughout the world. 

Some additional features of 
Landauer’s film badge services 
are: convenient quick change 
film badges eliminating the 
need for returning the entire 
badge . . . wrist and ring type 
badges for special uses . . . one 
to two day reporting (even for 
neutron badges) . use of 
the most advanced film emul- 
sion and special techniques to 
rewire measurement of the 
roadest possible range of radia- 
tion, widest quantitative cover- 
age and lowest detection limits. 
Maximum legal security is as- 
sured by the unexcelled pro- 
feito ualifications, ex- 
yerience and facilities of R. S. 
zandauer, Jr. & Company. 

Write today for full informa- 
tion regarding the Landauer 
film badge services. Particulars 
on beta-gamma X-ray monitor- 
ing and combination neutron/ 
beta-gamma monitoring for 
your specific needs will be 
promptly furnished. 


R. S. LANDAUER, JR. & COMPANY 
3920—216th Street 


Matteson, Illinois 
Pilgrim 6-7900 


| ment. 
| accurate 
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earity of the multiturn potentiometer. 

A typical nJI, vs. V,, curve is shown 
in Fig. 2. The deviation of the curve 
from a straight line for low input 


| currents is due to leakage and positive 


ion current. Biasing of the control 
grid corrects for the decreasing slope 
in this region. The increasing slope 
of the curve in the high-current region 
can be corrected by padding the multi- 
turn potentiometer. By further pad- 
ding of the potentiometer, it would be 
possible to change the curve so much 
in the high-current region that the 
instrument would respond linearly to 
the input signal. The rate output in 
this part of the range would then be- 
come the linear rate instead of the 
logarithmic rate. 


Circuit Details 


The vacuum-tube logarithmic device 
and its associated circuitry are shown 


| in Fig. 3. 


The connection of the log P meter 


| between the screen grid and an ad- 

justable reference voltage, which allows 
zero-setting the meter for minimum 
| input signal, is a temporary arrange- 


Ultimately, a more robust and 
mechanical indicator with 
expanded scale connected to the 
potentiometer will be used. 

In the present model, a phase- 
sensitive demodulator, giving an out- 
put only when the log power is in- 
creasing, is employed. Its circuit is 
shown in Fig. 4. 

Test Results 
The 


logarithmic response of the 


instrument and the differentiating 
circuit were checked with an exponen- 
tial signal from an analog computer. 
As is inherent in this class of equip- 
ment, the response is somewhat slug- 
gish at low input levels. This is 
caused by the capacitor across the 
input, which filters out undesired h-f 
pickup and ion-chamber fluctuations, 
together with the equivalent input 
resistance of the tube. 

The sensitivity of the servo system 
is such that the correct screen-grid 
voltage is always obtained within about 
2 mv for any input current within the 
range of the instrument. This error, 
or dead zone, is negligible compared 
with the 3-volt/decade output of the 
screen grid. The accuracy of the 
log P indication thus depends entirely 
on the tube characteristics and the 
constancy of the filament and supply 
voltages. Since the supply voltages 
are well regulated, deviation from a 
true logarithmic output will depend 
only on aging effects and selection 
tolerances of the tube. 

By means of the controls Rg and R,; 
(Fig. 3), the shape and the level of the 
In I, — V,. curves can be corrected. 
The curve can be corrected in the 
higher part of the range both by select- 
ing tubes with close tolerances and by 
padding the screen-grid potentiometer. 
If the accuracy and reproducibility 
prove to be satisfactory, this instru- 
ment can take over the function of the 
linear-channel equipment. A saving 
in instruments and ionization cham- 
bers (and ion chamber space in the 
reactor) might be obtained. 

Since a multiturn potentiometer with 
padding taps was not initially avail- 
able, control-grid biasing was used for 
curve correction. This method alone 
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Input circuit. Test input signal 
for calibration and checking is derived 


| from circuit formed by Rs and R;, Re or Rs. 


Potentiometer R,; bias to control grid cor- 


rects for low-current leakage and positive 
ion current. Pentode operation in lower 
ranges is stabilized by transistor-regulated 
d-c filament supply 
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BROADEN DESIGN HORIZONS 


vith new PNP drift transistors 


SEVEN NEW DRIFT TRANSISTORS FOR HIGH SPEED SWITCHING 
AND HIGH FREQUENCY AMPLIFIER APPLICATIONS 


General Transistor’s new 2N602, 2N603, 2N604 provide the design engineer with guaranteed 
switching parameters such as gain-bandwidth and DC current gain, while the 2N605, 2N606, 
2N607 and 2N608 provide guaranteed power — at high frequencies. 


TYPICAL APPLICATIONS 


TV CIRCUITS 

FM RADIOS 

SHORT WAVE RADIOS 

HIGH FREQUENCY OSCILLATORS 


VERY HIGH SPEED 
SWITCHING DEVICES 


WRITE TODAY FOR BULLETIN 
G-180 INCLUDING COMPLETE 
MECHANICAL AND 
ELECTRICAL 
SPECIFICATIONS, 
DIMENSIONAL DRAWINGS, 
GRAPHS AND ENGINEERING 
DATA. 


z 
© 
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In addition to the great speed advantages offered by the drift transistor at no sacrifice of gain, 
such additional features as higher voltages and lower capacity are available. Thus one can now drive 
higher impedance loads with no sacrifice of speed or pulse power. 

The complete control of G. T.’s Drift Transistor assures longer life and maximum performance 

while possessing complete reliability. 

Other features include: high input-circuit efficiency, excellent high-frequency operating stability, 
good signal-to-noise ratio, good automatic-gain-control capabilities and the rugged mechanical 
construction of a positive hermetically sealed JETEC 30 case. 


ALL TRANSISTORS CAN NOW BE SUPPLIED IN FULL COMPLIANCE WITH MIL.-T-19S500A. 


DC Current Gain Gain X Power Gain 
hee Bandwidth K, 
Vee=lv 20-25 db 
ls = 0.5 ma 30- 2N606 lc = 1 ma | 25-30 db 
30-35 db 
35-40 db 


* REPRESENTS RANGE VALUE FOR COMPLETE TRANSISTOR FAMILY AND NOT FOR ONE PARTICULAR TRANSISTOR. 
Cc °o R P ° R = w ! ° N 


91-27 136TH PLACE * JAMAICA 35 © NEW YORK 


IN CANADA: DESSER E-E LTO., 441 ST. FRANCIS XAVIER, MONTREAL 1, QUEBEC 

FOR IMMEDIATE DELIVERY FROM STOCK, CONTACT YOUR NEAREST AUTHORIZED TRANSISTOR DISTRIBUTOR 
OR GENERAL TRANSISTOR DISTRIBUTING CORP., 91-27 138TH PLACE , JAMAICA 35, NEW YORK 

FOR EXPORT: GENERAL TRANSISTOR INTERNATIONAL CORP,, 91-27 136TH PLACE, JAMAICA 35, NEW YORK 
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WILL YOUR PRODUCTS 
RESIST ,, 


Reatiation 


i 
} a= 


TESTING WILL GIVE 
THE ANSWER 


If your products are to be subjected to 
radiation, there is just one way to know 
in advance how they will stand up, and 
that is to test them by applying the same 
type of radiation they will receive in 
actual use. And, fortunately, you need not 
have the apparatus for doing the testing. 


Here at the MIDWEST IRRADIATION 
CENTER you can have the services of 
an ARCO eight-million-electron-volt 
linear accelerator and competent per- 
sonnel — all on a rental basis for testing 
a wide variety of materials and equip- 
ment. And remember, in a matter of 
hours we can subject your product to 
as much radiation as it might receive in 
normal use over a period of years. 


Available for Research and 
Commercial Processing 

You can also use the CENTER for the 
irradiation processing of products, either 
for research or commercial use. The 
accelerator produces high-energy elec- 
trons, neutrons, and X-rays and will 
treat both thin and thick materials. 
Space is available for setting up experi- 
ments, and locked storage is provided. 
Groups need only be concerned with 
experiments . . . the CENTER will do 
the processing. 
Tell us your requirements. Full informa- 
tion will be furnished without obligation. 


Midwest Irradiation Center 


W. F. & JOHN BARNES CO. 





350 SOUTH WATER STREET 
ROCKFORD, ILLINOIS 
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FIG 4. Demodulator circuit. With input 
and reference voltages in phase, output 
signal is proportional to input. Output 


brought the first part of the logarithmic 
conversion curve (Fig. 5) well within 
the correction limits. Results so far 
obtained indicate that the log P output 
signal will not deviate by more than 0.1 
volt from the ideal curve. 
Replacement of the 68J7 pentode by 
a Mullard ME1400 may yield even 
better results and increase the range 
of the instrument. 
the instrument is rather sluggish. 


In the lower range, 
Im- 
provement has been obtained by con- 
necting the control grid to the positive 
and negative through high 


sources 





+ Expanded section? 


Indicated output (10) 


Typical uncorrected sample 


— Correction limits 











Bie 
Input (a) 


FIG. 5. Logarithmic conversion. Correc- 
tion limits are based on assumption that 
log P output signal will not deviate from 
ideal curve by more than 0.1 volt. De- 
viations of sample curve from linearity are 
due to leakage at lower end and satura- 
tion at upper end. Magnified section of 
curve at upper left indicates magnitude of 
correction limits 


Bio 


is available for log-rate meter, reactor 
control, recording and log-rate trip circuit 
with increasing log power 


In this 
way, a false zero is introduced and the 
reduced. Drifts of 
<10 mv in screen-grid voltage have 


resistances (10'° ohms each). 


time constant is 
been observed over periods up to 60 hr. 

The log-rate accuracy depends on 
the tube characteristics and tachometer 
response. Small deviations from a log- 
arithmic characteristic, of course, cause 
relatively large errors in the rate output. 
Apart the 
highest decade, the error did not exceed 


from the highest part of 


10% of the “‘ mid’’-scale value. Screen- 
grid potentiometer padding and possibly 
the use of an ME1400 tube will reduce 
this error considerably. 

Because of the low-frequency re- 
sponse of the electromechanical servo 
loop, the instrument is free from the 
microphonic effects and the long-dura- 
tion transient errors due to large RC 
that are usually en- 
countered in this type of equipment. 


time constants 


a * * 


The authors wish to express their gratitude to 
W. J. Riley (Chief Engineer, Sperry Gy- 
roscope Company of Canada, Ltd.) for his 
encouragement to publish, and to J. R.G. Cox 
for his valuable criticism. 
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“ Sheraton S$ A call to the nearest Sheraton Hotel sets in motion the 
world’s fastest hotel reservation service. RESERVA TRON, 


R ESE p VA TR ON got new electronic marvel, reserves and confirms your room in 


any Sheraton Hotel coast to coast in split seconds! 


him his hotel reservation For hotel reservations for your next trip, just phone Sheraton. 
in just 4 seconds! Let RESERVATRON take it from there. 


Sheraton Hotels, Dept.42, 470 Atlantic Ave., Boston 10, Mass. 
Please send me, without obligation: [) Sheraton facilities booklet 
() Membership application for the Sheraton Hotel Division of the Diners’ Club 


FREE BOOKLET to help you plan 
trips, sales and business meetings, 
conventions. 96 pages, describing 
Sheraton facilities in 39 major cities. 
MEMBERSHIP APPLICATION for the 
Sheraton Hotel Division of the 
DINERS’ CLUB. This card is an 
invaluable convenience for the 
traveler — honored for all Sheraton 
Hotel services. 

Just send us this coupon — 
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NUCLEAR ENGINEERING 





W. B. Lewis Reviews UO, Status 


One of the pleasures of the winter 
meeting of the American Nuclear 
Society at Detroit in December was a 
luncheon talk given by W. B. Lewis 
(Atomic Energy of Canada Limited) 
on the subject of uranium dioxide 
Following is a condensed version of his 
remarks: 

“Uranium dioxide has emerged as 
the preferred reactor fuel both for en- 


riched and for natural uranium reac- 
tors, not only for the water-cooled 
reactors such as Dresden, the Yankee 
and the Canadian D-,O reactors, but 
also for the advanced gas-cooled re- 
actors designed in the United Kingdom 
and at Oak Ridge. Uranium dioxide 
also seems best for organic-moderated 
or -cooled reactors and even for some 
designs of sodium-cooled and fast re- 


actors. Moreover, if superheated 
steam can be taken directly from the 
reactor to the turbine, again UOz heads 
the list as fuel. 

“There are about half-a-dozen dif- 
ferent major reasons for the choice, 
such as (1) corrosion resistance in 
water, (2) long burnup without swell- 
ing, (3) high melting point, (4) good 
safety by retention of fission products, 
(5) ease of processing, (6) low cost 
fabrication, (7) no neutron wastage. 

“The main trouble with uranium 
dioxide is its very low heat conductiv- 





A Pile Oscillator with Sample-Changing Features 


The pile oscillator shown here was 
developed to speed the gathering of 
data for a series of pile oscillation 
experiments that were conducted at 
the Argonne National Laboratory 
Its design and construction, however, 
are such that it could be used in a 
variety of 
critical assemblies for pile oscillation or 


low power reactors or 


“danger coefficient’? measurements. 
The instrument is capable of remotely 
changing up to twelve samples during 
a given run. Moreover, the samples 
are accurately positioned inside the 
reactor for each measurement. 

The mechanism has four basic opera- 
tions: the first is to raise and lower the 
sample to be oscillated in the reactor, 
the second is to detach the sample when 
the measurement has been completed, 
the third is to move another sample into 
position to be oscillated and the last is 
to attach the new sample to the oscil- 
lating assembly. 

The samples are mounted in ex- 
truded thin-walled aluminum 
each of which has a small aluminum 
ball mounted on the cap. This ball is 
grasped by a stainless steel clip at- 
aluminum rod 


cans, 


tached to a slender 
This rod is the piston of a 2-in.-i.d 
pneumatic cylinder (No. 1 of figure) 
with a 32-in. stroke that is operated 
by dried and lubricated air. A four 
way solenoid valve controls the move- 
ment of the cylinder when signalled by 
the control unit. 

The sample must be withdrawn from 
the guide tube and must be in its 
chamber in the turret before the next 
operation can be executed. When this 
condition is fulfilled, cylinder No. 2 


moves a sliding panel out to prevent 
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Alignment rods ——— 


Cylinder No. 


Air exhaust 


Air filter & 
lubricator - 


Sample can 
stripper 





Cylinder No.2 


the sample from falling into the guide 
tube when the sample is detached from 
the clip. The sample can be detached 
from the clip by raising cylinder No. 1 
by cylinder No. 3. This movement 
strips off the sample can and causes it 
to fall back The 
oscillator is now free to select another. 

When cylinder No. | is in the raised 
position, the turret can be rotated. 
The drive motor is activated manually 


into its chamber. 


Upper support 


Cylinder No.3 


Oscillator piston 


Rotating turret 


Lower support 
plate 


deactivated by a precisely 
that 


aligns the new chamber over the sam- 


but is 


positioned microswitch exactly 


ple guide tube. A time-delay mecha- 
nism prevents the lowering of cylinder 
No. | until such time as the turret is in 
When the cylinder is lowered, 
the new sample is grasped by the clip, 
cylinder No. 2 is closed and the next 
oscillation can begin.—E. F. Grou, 
A. F. Enerer and R. A. Matrson 
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ity. Another problem facing the user | 


is understanding and controlling the 
fission-product gases. The amount of 
fission-product gas is large; at 10,000 
Mwd/tonne U, it would occupy at 
atmospheric pressure and room tem- 
perature 3 times the volume of the 
fuel. Otherwise expressed, if it is con- 
fined to a 5% void space at a tempera- 
ture of 2,000° C, it would exert a 
pressure of 500 atm or 7,000 p.s.i. 
“Tt seems, however, unnecessary to 


take a view as pessimistic as supposing | 


that all the fission gas is liberated. 
We have carried some fuel to over 
5,000 Mwd/tonne at high power 


ratings with a release of only a few) 


per cent of the fission gas produced. 
Trying to find how this gas is retained 
is leading us into some fascinating 
research. 


“We already recognize the im-| 


portant changes in fuel properties 
brought about by a small excess of 


oxygen. When about 7% extra oxy-| 
gen is incorporated in UOs, the thermal | 
conductivity drops by a factor of | 
three, the density is slightly increased, | 


the sintered oxide becomes plastic at 
1,000° C, and under irradiation in 


round rods it recrystallizes in radial | 


columnar crystals, right out along the 


radius to regions that must have been | 
well cooled. It also releases more 


fission-product gas. 
“This relates to a most remarkable 
property of UO, that has been known 


for some years. If it is sintered in| 


steam at 1,400° C, the equilibrium 
concentration reached has this extra 
7% of oxygen, but if as little as 5% of 


hydrogen is introduced into the steam | 
atmosphere, the composition of a whole 


block of sintered oxide changes within 
an hour to the regular stoichiometric 
ratio of 2 oxygen atoms to 1 uranium 
atom. Such changes of atmosphere 
may occur in water-cooled reactors if 
a defect develops in the cladding and 
steam gets in. When the oxide takes 
up oxygen, an excess of hydrogen is 
left. From the engineers’ point of 
view, the behavior is good because the 
oxide does not swell, but fission gases 


are liable to be released, and as the | 


thermal conductivity goes down the 
oxide will get hotter. Qualitatively 
this seems certain, but no one has 
yet supplied the engineers with reliable 
quantitative data. 

“Finally, from the behavior of thick 
UO, fuel rods under irradiation, we 
have a clue that hot UO, under irradi- 
ation may be plastic at lower tempera- 
tures than in laboratory experiments; 
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OSMIC ray intensity . . . outer space temperatures . . . atmospheric 
density . . . gravitational force . . . the soft pulse of a monkey 
riding a nose cone. 

This is the important news from outer space. It comes to us via 
telemetry receivers designed and produced by Nems-Clarke Company, 
a division of Vitro Corporation of America. 

More than 95 per cent of the telemetry receivers at U.S. missile test 
stations and ranges were designed and built by Nems-Clarke, a company 
manufacturing communications, photographic, broadcast and tele- 
vision equipment and scientific instruments for the U. S. Government 
for the past 50 years. 

As the probe into deep space goes on, Nems-Clarke will continue 
to provide the best in telemetry receivers and other electronic equipment 
for our defense. 

This vital role in telemetry is another example of Vitro’s strength in 
weapon systems, nuclear energy, extractive metallurgy and other 
technologies of the atomic age. 


Vitro makes tomorrow’s technologies available today 


@ Research, development, weapon system: 





& Nuclear and process engineering, design 


rd a 
“i Electronics development and production 
4 g (14 A Refinery engineering, design, construction 
Uranium mining, milling, and processing 


‘Thorium, rare earths, and heavy minerals 


CORPORATION of AMERICA © Recovery of rare metals and fine chemicals 


AT fircratt components and ordnance systems 
261 Madison Ave., New York 16, N. Y. <> Ceramic colors, pigments, and chemicals 
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plastic flow of irradiated UOz has in 
fact been shown in some intriguing 
micrographs by Barney of KAPL. 
| What clearance and what strength of 
'can should be specified? We have 
some results but it will take years to 
know with assurance.” 


| Other Meeting Highlights 


ness Higher Again. Does7, the ratio of 
| neutrons produced to neutrons ab- 
| sorbed, have the value 2.28 or 2.19 for 
| U288? The high value is the one given 
oo the most recent U.S. “barn book”’ 
(BNL 325) and the one reactor de- 
A general view of one of the isotope laboratories. | signers have been using in Th-breeder 
evaluations; the low value was re- 
ported at Geneva by H. Rose et al. 
(UK Geneva paper 14) as the result 
of some new oscillator experiments and 
would mean that some Th-breeder 


Wide concepts (see below) might be in 
trouble. 


D. W. Magnuson and R. Gwin, 


VESOUrCES and reporting on some even newer experi- 


ments at ORNL, gave the designers 


experience reason to believe that they have been 


using the right number after all. Two 
b k independent measurements at ORNL 
ac came up with the values 2.31 + 0.06 


and 2.268 + 0.042. 


The long-range result has been the 

RA D } 0 G H £ M | CG A LS attention drawn to the unsatisfactory 

state of the world’s knowledge about 

the n’s of the fissionable nuclides. 

from A M E R S H A M (Reactor design is probably more 

|sensitive to » than to any other 

nuclear constant.) At the Detroit 

New “‘active’’ laboratories at the Radiochemical Centre, backed meeting, Alvin Weinberg (ORNL) de- 


by the resources and reactors of other U.K.A.E.A. establishments, scribed the situation as an international 
disgrace and announced plans in U. S. 


national labs to measure n for U?*, 
Our ten years’ experience preparing labelled compounds on a U2 and Pu?*® to within 1%. 
Th Breeder Looks Good. Babcock & 


in the high ‘eld eciliad hid ities Wilcox announced that for the past 27 
SORES Gs RIGRER YONE—-to ensue CheEOe ane samecReNC months it has been studying the Th-U2** 


now give us still greater facilities for making radiochemicals. 
large scale helps us to choose the best synthetic routes—to 


purity—and to offer the widest range. | fuel cycle in pressurized-water reactors 
(NU, Sept. ’58, 105). As a result, 
B & W is convinced that a thorium 
industrial chemists and many other tracer users. We thermal-breeder reactor, using a vari- 


We serve biochemists, radiotherapists and diagnosticians, 


are pleased to offer advice—and often make special able mixture of light and heavy water 
as a coolant and moderator (NU, May 


et a 58, 80) can achieve breeding ratios as 
for our general lists or tell us about your particular ; high as 1.10 for quite lengthy irradi- 
‘ation periods. A conceptual design 
| presently under study uses fuel ele- 
é ments that are bundles of Zircaloy 
THE RADIOCHEMICAL CENTRE \}| tubes containing a mixture of thorium 

| and uranium oxides similar in geometry 
and size to those now being developed 
for the Consolidated Edison thorium 


labelled materials for their use. Write to Amersham 


problem. 


AMERSHAM, BUCKINGHAMSHIRE, ENGLAND 


reactor. 
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FIG. 1. 





Mockup of reflector-control system 


Physical Simulation 


of a Variable-Reflector Reactor 


By J. J. STONE, Jr., B. B. GORDON and R. S. BOYD 
Battelle Memorial Institute, Columbus, Ohio 


One method of controlling a boiling- 
water reactor is to use the steam pres- 
sure in the reactor pressure vessel to 

ary the height of the water reflector 
surrounding the core. As the steam 
pressure increases, the reflector height 
Thus, as the steam load 
varies, the reactor power level follows 


decreases. 


the load changes. 

We initially studied such a control 
system using all-electronic simulation. 
This method required making assump- 
the magnitude of 
frictional forces in the hydraulic sys- 


tions concerning 


tem. It was also necessary to assume 
that the inertial and frictional terms in 
equations of motion for the water in 
the reflector were determined primarily 
by the size of the connecting pipe. To 
determine the validity of these assump- 
tions, a physical simulation (see Fig. 1) 
of the hydraulic portion of the reactor 
system was undertaken. 
Reactor System 

Figure 2 illustrates, diagrammati- 
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cally, a reactor system controlled by 
the height of the water reflector. It 
represents a direct-cycle, natural-circu- 
lation, boiling-water reactor. The flow 
of steam upward through the core re- 


sults in a circulation of water through | 
ports in the annular reflector tank and 


down past the core along the inner 
surface of the pressure shell. 

The annular reflector tank surround- 
ing the core is partially filled with 
water. As the level of this water de- 
creases, the reactivity decreases. 
Openings around the top of the reflector 
tank admit steam to the upper surface 
of the water in the reflector tank... The 
water in this annular tank connects, 
via a pipe, with an external surge tank 
in which a reference gas pressure is 
maintained. Any excess steam pres- 
sure in the reactor, over that required 
to maintain the water in the reflector 
system at equilibrium, will cause the 
following sequence: (a) flow of water 
to the surge tank, (b) decrease in re- 
flector level, (c) decrease in reactivity, 





NEW MODEL 


Removable battery pack. 
Easily replaceable alpha 
screen. 

Large easy-to-read 
meter face. 

Hard-chrome plated 
aluminum case. 


Juno is a portable, battery-operated 

instrument which measures the 

intensity of, and distinguishes 

between alpha, beta, and gamma 
radiation. Available in two 
models, with 3 ranges each: 
SRJ-6 (standard range) 50, 
500, and 5000 MR/HR; HRJ-6 
(high range) 250, 2500, and 
25,000 MR/HR. 
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write for 
Bulletin No. 159 


Instrumentation for Nuclear Research 
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FIG. 2. Diagram of direct-cycle, 
notural-circulation, boiling-water re- 
actor with reflector control 


(d) tendency for a decrease in reactor 
power and (e) return of the steam 
pressure to its equilibrium value 


Hydraulic Simulator 


A physical mock-up of this system 
was constructed. This hydraulic simu- 
lator consists of a reflector tank, surge 
tank and two 
tanks (to simulate the pressure shell). 

The accumulator tanks are 16-ft* 
pressure vessels mounted above, and 
connected to, a 3-hp air compressor. 
These tanks provide 500-psi air to the 
reflector and surge tanks. The surge 
tank (36-in. diameter) has provision 
for hydraulic coupling pipes (up to 6 in. 
in diameter) and various connecting 
ports for mechanical control valves and 
relief valves. Aninlet-air-pressure reg- 
ulator is used to reduce the 500-psi air 


pressure-accumulator 


Reactor 
kinetics | 


ie 
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Boiling } 
[ee 


~| Steam 
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L Electronic Simulator 
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Hydroulic Simulator 


FIG. 3. Flow diagram of reflector-con- 
trol system showing both hydraulic and 
electronic simulators 
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» 10 steam 
load 


Pressure shell 


Reflector tank 


Pressure 
regulator 











Surge tank 


from the accumulator tank to 300-302 
psi in the surge tank. The outlet-air- 
pressure regulator is used to release air 
from the surge tank when the pressure 
there increases above 295 psi. 

The reflector assembly consists of 
the reflector tank, two pneumatic con- 
trol valves (with a controller) and a 
capacitance-type water-level indicator. 
[n the reflector tank, which has a cross- 
sectional area of 5 ft?, the water level 
can be raised 2 ft from the low portion 
without any interference from inlet air 
The ‘%-in. 


or water connections. 


pneumatic control valves are used on 
the inlet and outlet lines to the reflector 
tank and are both controlled by the 
same pneumatic signal. 


Electronic Simulator 


An analog computer was used in the 
analysis and evaluation of the nuclear 
portion of the reactor system. The 
computer was used to solve the equa- 
tions describing the reactor kinetics, 
reflector reactivity and steam pressure 
under various load conditions. A 
standard group of reactor kinetic 
equations was employed. The Bat- 
telle Analog Facility has a self-con- 
tained unit to solve these equations. 

For the purpose of this evaluation, 
it was assumed that boiling begins 
when water reaches the saturation 
temperature and increases linearly in 
intensity with further increases in 
water temperature. The rate of 
change of water temperature was com- 
puted as the difference between power 
produced by the reactor and power used 
to convert steam. From 
these relationships, the rate of steam 
production was determined. 

The rate of change of the weight of 
steam in the steam chest is propor- 
tional to the difference between the 
rate of steam production and the rate 
of steam used to satisfy power demand. 
The pressure in the steam chest was 
determined from the weight of steam 
and the volume of the steam chest. 
This volume varies inversely as the 


water to 
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FIG. 4. Responses of system before and after insertion of five baffle plates in hy- 
draulic coupling. Step change in power demand was 50-100% 
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height of the reflector; an increase in 
the volume of water in the reflector 
leaves less volume to be occupied by 
the steam. A voltage proportional to 
this computed pressure was fed to the 
hydraulic simulator. 

Two main factors affect 5k in this 
system: reflector worth, which is a 
function of reflector height, and steam- 
void fraction, which is a function of 
power level and pressure. 


Simulated System 


The electronic and hydraulic por- 
tions of the system were coupled to- 
gether as shown schematically in Fig. 3 
to simulate the entire reactor system. 
A pressure-demand signal from the 
computer was used to determine the 
set-point of the controller. The actual 
pressure in the simulated reflector 
tank was compared with the set-point 
pressure, and the error determined the 
pneumatic signal to the control valves. 
If the pressure in the reflector tank 
were lower than the demand pressure, 
the control valve to the accumulator 
would open to increase the pressure. 
Conversely, if the pressure in the 
reflector tank were too high, the control 
valve to the atmosphere would open 
to exhaust the pressure. The control 
valves were adjusted so that, at set- 
point pressure, both are slightly open. 

The pressure controller used in this 
simulation employed proportional-plus- 
reset control. Both the proportional 
band and reset rate were set at their 
minimum values. In addition, be- 
cause of an undesirable time lag be- 
tween the pressure in the reflector 
tank and the demand pressure, an 
anticipation circuit wasincluded. The 
output of this circuit was added to the 
pressure-demand signal to produce the 
controller set-point signal. This was, 
effectively, rate control. This circuit 
was adjusted for optimum response of 
the controller. 

To complete the loop, a signal pro- 
portional to the height of the reflector 
had to be fed back to the computer. 
The water level was indicated by a 
capacitance-type height gage. The 
output of this instrument was sent to 
an electronic recorder. The signal 
from a precision potentiometer geared 
to the recorder drive mechanism was 
used as the height indication required 
in the electronic simulation. 

To study this system, the simulated 
reactor is brought up to power manu- 
ally. The power-demand signal is 
adjusted to design-point power. When 
the demand pressure to the simulated 
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NEW (FENN) HEAVY DUTY BREAKDOWN MILL 


For initial heavy breakdown of fuel element materials, 


hot or cold, this new FENN Heavy Duty Breakdown Mill 
with 16” diameter rolls meets every requirement. Re- 


pntly installed by one of the nation’s leading producers 


the atomic energy field, this high precision mill was 


d and built for heavy separating loads, high torque 
acity, variable speed and exceptionally rapid reversing. 


. 


signe 


portant features include rolled steel plate housing, 


Bints, herringbone gears, electric screw down 
Hual motors, high speed roll adjustment, precision 


g, and large clock type dial indicators. 


Atever your metal forming requirements, consult Fenn 


engineering service. Write Nuclear Machinery Division. 
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cells provided with gland Cambridge 4 point pH'Recorder 
electrodes suitable for operation under varying pressures up 
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There is a CAMBRIDGE Dissolved 02 Analyzer aboard the nuclear sub- 
marine SKATE. A CAMBRIDGE Dissolved H2 Analyzer served in pre- 
liminary work at the laboratory level at Shippingport. Cambridge also makes 
a Gamma Ray Pocket Dosimeter and the Lindemann-Ryerson Electrometer 
widely used in conjunction with ionization chambers. 
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are available. Send for bulletins describing instruments of interest 
to you. 
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3555 Grand Central Terminal, N. Y. 17, N. Y. 
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ENGINEERS AND PHYSICISTS 
needed at MARTIN 


If you’re an experienced man looking for an exciting career 
opportunity, check the immediate openings which are listed 
below. 


Top jobs for top men are available in both engineering and su- 

pervisory a We need high caliber men for creative 

and responsible work, and we’ll pay top salaries to those who 

qualify. 

ELECTRONIC ENGINEERS Circuit Design + Systems + Inertial 
Guidance + Countermeasures + Digital Computers * 
Test Equipment Design 

NUCLEAR ENGINEERS Heat Transfer-Fluid Flow Analysis + Re- 
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reflector reaches the operating level, 
the system is put on automatic control. 


System Instability 


The system thus far described tends 
to oscillate. Because of the inertia 
associated with the water flowing 
through the connecting pipe, the water 
level tends to overshoot. The excess 
difference in water levels produced be- 
tween the tanks is analogous to com- 
pressing a spring. This ‘compressed 
spring”’ produces a force which causes 
water to flow in the opposite direction 
in the connecting pipe. To dampen 
this oscillating tendency, friction must 
be added to the system. 

To establish the required frictional 
forces for stable operation, several 
modifications of the hydraulic coupling 
were attempted: concentrations of 
steel wool, four 2-in., 90-degree elbows, 
a l-in. orifice in a 2-in. pipe and a sys- 
tem of baffle plates. 

Stable operation was achieved with 
the baffle plates. The hydraulic cou- 
pling consists of a section of 3-in.-i.d. 
tubing 9 in. long. Inserts and spacers 
were placed in the tube to damp the 
flow of water. The inserts are made 
of 14-gage brass and have 16'%-in.- 
diameter holes. Eighteen inserts can 
be placed in the coupling in various 
combinations of spacings. The opti- 
mum responses occurred with the use 
of five inserts. Figure 4 shows the 
response of power level, pressure and 
reflector height before and after the 
system was damped. 

With the system stable, the effects 
of changing the void coefficient and 
the incremental moderator worth of 
the reactor system were studied. Both 
the results of these studies and more 
detailed descriptions of the hydraulic 
and electronic simulators are con- 
tained in the references listed in the 
bibliography. 

* * * 

This work was performed under AEC 

contract W-7405-eng-92. 
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A discussion place 


for new reactor ideas 


Boiler-Superheater Reactor 


By T. P. HECKMAN 
Chicago Operations Office, U. S 


In the proposed reactor design heat 
is removed by both water and steam in 
Mod- 
erator-coolant water (see Fig. 1) flows 
down the center of tubular elements 
out the bottom of the reactor; 
steam flows upward in the spaces be- 


independent coolant channels. 


and 


tween the elements where it is dried 
and superheated before exiting at the 
top of the reactor to the turbine. This 
arrangement increases the size of the 
core which makes for problems of 
mechanical design and fabrication and, 
in general, increases the reactor cost. 
In compensation the proposed design 
has these advantages compared with a 
conventional boiling-water reactor: 

® Low rate of moderator recirculation 


Tube plate sect 
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A.E.C., Lemont, Illinois 


will give savings in pumps, valves and 
piping. 

© Dry or superheated steam provides 
economies in steam separators and in 
turbine design. 

® Reactivity control is independent 
of the steam-void fraction; but con- 
trol is directly related to the steam 


generation rate through the tempera- | 


ture coefficient. 

® The design is insensitive to distor- 
tions of fuel-element dimensions in- 
duced by radiation damage or originally 
present. 


Core Design 
The reactor core is made up of a 


large number of vertical fuel-element 
£ 


Tube-plate end 
o i 
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HO orifice in 
connector 






























































Liquid-poison control tube 
SUPERHEATER AND ITS FUEL. 


core showing flow paths for steam and moderator-coolant water. 
Insulation allows steam to be superheated at core exit 


detail. 
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Left—arrangement of tubular fuel elements in reactor 


Right—Fuel tube design 
FIG. 1 





Roundtable Comments 
ToTrhe Reactor RounpraBLeE Epiror: 


As Mr. Baron noted in describing his 


| gaseous-fuel reactor (NU, Aug. °58, 


128), the use of a gaseous fuel provides 
a number of advantages such as ease of 
control and reprocessing, unlimited 
burnup, and no fuel-element fabrica- 
tion costs. However, only one gas, 
UF,, appears to have sufficiently low 
boiling point and nuclear cross section 
to be considered, excluding organic 
compounds which probably have in- 
sufficient thermal and radiation sta- 
bility. The practicality of using UF, 
as a reactor fuel depends primarily 


| upon the rate of its decomposition and 
| the degree of corrosion of system mate- 
| rials under reactor conditions of radi- 


ation and temperature. It would be 


| very useful to obtain some data on this 


question by in-pile testing of heated, 
sealed capsules containing UF,. The 
gaseous diffusion plants have success- 
fully handled UF, for long periods, but 
this has been done with high nickel 
alloys, at relatively low temperatures, 


| and not in a radiation field. 


At Armour Research Foundation we 
are investigating a somewhat similar 
concept which seeks the achievement 
of the advantages of the gas-fuel reac- 
tor with reduced corrosion. Our fuel 
consists of fine particles of UO, or 
UC, entrained in a gas such as helium. 
By using BeO or graphite as moder- 
ator material, temperatures of 2,000° 
3,000° F appear feasible in an all 
ceramic and gas core. 

D. Krucorr 


Armour Research Foundation 
Chicago, Illinois 


tubes closely spaced on a triangular 
lattice. During normal operation, the 
H.O moderator is contained only inside 
the tube and flows downward. Some 
of this moderator will pass through 
holes in the couplers in each tube 
train to wet the outside surface of the 
fuel-element tubes. Steam formed on 
the outside surface of the tubes plus 
the steam that separates from the 
H.O at the bottom orifice of each tube 
will pass upward and out of the reactor. 
With moderator on the inside of the 
fuel elements only, the outside surface 
is available either to generate steam or 
to superheat steam. 

The fuel is tubular in shape, but 
with intentional creases or grooves in 
the surface to diminish its structural 
strength. The fuel tube is then 
allowed to move mechanically within 
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essibility 


a new concept 
in reactor 
instrumentation 


measurement barrier 
to verify reactor’s pre- 
dicted nuclear behavior 


Representing a major advance 
in more flexible instrumenta- 
tion, precision Teleflex Acti- 
vation Wire Drive Systems are 
being used to measure neutron 
flux and fuel distribution at 
strategic locations within the core 
of some of the country’s most 
recently developed reactors. 


Flexible Teleflex cable follows 
desired paths to transport detec- 
ting elements deep inside the 
reactor core. After exposure, the 
elements are withdrawn for scan- 
ning, counting, and recording. 


Complete Activation Wire Drive 
Systems are designed and manu- 
factured by Teleflex. A series of 
motor-driven hobbed wheels en- 
gage helically-wound Teleflex ca- 
bles to position the flux wires, 
neutron-sensitive thermopiles, and 
ion chambers within 4 of an inch at 
distances as far away as 50 feet. 


Join the trend to Teleflex, where ad- 
vanced design, engineering, and fab- 
rication techniques are probing years 
ahead in nuclear instrumentation and 
control. Control rod drive mecha- 
nisms ... neutron source drives... 
isotope drives . . . fission chamber 
drives . . . and other intricate mech- 
anisms are translated from plan to 
power plant. Write for details. 


TELEFLEX 


INCORPORATED 


NUCLEAR DIVISION 





CHURCH ROAD 
NORTH WALES, PENNSYLVANIA 


REACTOR ROUNDTABLE 


This article starts on page 97 


the cladding tubes by using a liquid- 
metal heat-transfer bond. A _ fuel 
thickness of 0.045 in. and an H,O di- 
ameter of 0.350 in. gives a moderator- 
to-fuel ratio of approximately 2.3. 

The arrangement of fuel tubes sus- 
pended vertically from a top tube sheet 
(and possibly aligned at the bottom) 
can tolerate considerable mechanical 
deformation. Bowing of the tubes can 
affect the nuclear characteristics only 
slightly, and the heat-transfer char- 
acteristics to a minor degree since the 
steam flow pattern is changed by only 
a fraction of an inch. The moderator 
will always be present inside the tubes 
to prevent burnout, and the higher 
pressure inside the tubes as compared 
to outside the tubes will keep the tubes 
circular in cross section. 

Cross sections of one fuel train with 
typical connectors are shown in Fig. 1 
A full train will consist of a series of 
these shorter elements held together 
by crimping the ends into the con- 
nectors. 
also act as H;O orifices, allowing H.O 
to pass from the inside to the outside 
of the fuel-tube train. The individual 
fuel elements are simple enough in 


Some of the connectors will 


shape so that they could be mass- 
produced. 

In addition to the fuel the 
unit cell contains a space between the 
tubes for the counter flow 


tube, 


of steam 
For mechanical reasons, a large center- 
to-center spacing would facilitate the 
assembly, the structural support, and 
the unloading of tlie reactor. On the 
other hand, the larger this space the 
poorer the neutron This 
first study center- 
to-center spacing of 0.5 in. o.d. tubes 
resulting in a ratio of 0.6 of the unit 
cell being steam area. Rough cal- 
culations for a 1,000-Mw(th) reactor 
indicate that an 11.5 X 11.5-ft 
would be critical. However, 
refinements in the mechanical design 


economy. 


chose a 0.75-in. 


core 


several 


would improve the neutron economy 
One to 
crease the diameter of the end segments 
he a fuel-tube train. 
I 
| 


considerably. would be in- 
Another would 

ye to vary the moderator-to-fuel ratio 
|in both the axial and radial direction 


|to flatten the neutron flux. 


| Heat Transfer 


The recirculation pump maintains a 
| differential pressure between the inside 
and outside of the fuel tubes. This AP 
| intentionally suppresses the formation 


of steam in the moderator inside the 
fuel tubes. 

Theoretically such a design could 
generate large quantities of saturated 
steam on a once-through basis. For 
reasons, the recirculation 
loop should be designed to handle a 
flow at least equal to, and probably 
the return 


practical 


greater than, condensate 
loop. 

The vertical positions in the fuel- 
tube train at which connectors with 
orifices should be included can best be 
Again, 
the ideal location and number would 


determined by mockup tests. 


result in dry steam leaving the reactor 
and with no excess H.O dropping from 
between the tubes to the lower pool. 
The study calculations indicated that 
two 0.02 in.-dia. holes in each of ten 
fuel-element connections, in each tube 
train, would do the job. 

Any errors either in the design, the 
assembly, or the operation of these 
orifices can be compensated for by 
controlling the recirculation pump. 
This would also be true for excessive 
H.O leakage through the top tube 
sheet since this excess falls by gravity 
to the lower plenum chamber to be 
pumped again to the upper plenum 
chamber. 

The heat the 
tubular fuel elements passes in both 


fission generated in 
directions through the cladding tubes: 
to the H.O moderator on the inside 
and to either an H.O film or steam on 
the outside. The temperature of the 
cladding surfaces and the amount of 
heat passing in the two directions can 
The AP 
between the inside and the outside of 


be adjusted in several ways. 


the tubes is related to steam temper- 
ature for saturated steam conditions. 
The pressure inside the tubes is designed 
to suppress voids in the moderator and 
to force the proper amounts of H.O 
through the connector orifices to wet 
the the tubes. 
Should some of the connector orifices 


outside surface of 
become plugged because of their small 
diameter, a larger part of the generated 
heat will flow to the inside moderator. 

For maximum superheat, the H.O 
would not be allowed to wet the outside 
surface of the fuel tubes until near the 
bottom end of the tubes. The inside 
cladding of the fuel element would be 
coated on either one or both sides with 
An oxide of the 
tube material, or a ceramic coating, in 


thermal insulation. 


contact with the Na heat-transfer sur- 
face would decrease appreciably the 
heat flow to the H.O. With the 


uranium fuel generating heat at a safe 


February, 1959 - NUCLEONICS 





distance from the a-8 transformation | 
temperature, say 1,200° F, a super- | 
heat of 200° F at 600 psi could be | 


accomplished. 


Long exposure to irradiation will | 


likely cause the tubes to bow, swell, or 
develop lumps as the present experience 


with natural uranium elements indi- | 


cates. These mechanical deformations 


will result in several tubes making | 


surface contact with one another, 
effecting, however, only local warm 


spots. Such mechanical defects would 


not change the moderator-to-fuel ratio, 


nor would the tubes be expected to | 


collapse with the higher pressure inside 


the tubes. A mechanical misalign- | 


ment of the tubes would distort the 
flow pattern of the outside water film 
and of the steam passage tending to 
cause a larger heat flow to the moder- 
ator but in only small localized areas. 


Reactor Components 


The reactor would be controlled by 


a method of positive displacement of 


Hg and D,O through a system of 
concentric tubes. The scheme encloses 
a U tube within a U tube to guard 
against Hg leakage. The outer tube 
contains D,O and the inner tube Hg; 
a pump and valve arrangement raises 
the D.O column as the Hg column is 
lowered and vice versa. The reactor 
concept, however, is independent of 
this particular control scheme except 


for the calculations that indicate that | 


65 rods of 2.2 in. o.d. would be needed 
to properly control a loading to a 


kee = 1.15. Such a large Ak and large | 


number of rods were selected in the 
hope of long periods of trouble-free 
operation. 


The reactor core is reflected by H,0 | 
on the sides and on both top and | 
bottom. The bottom reflector can be | 
varied in height from zero within the | 


pressure vessel up to the bottom of the 
top reflector. With the bottom reflec- 
tor raised to fill all of the steam spaces, 
the moderator-to-fuel ratio would be 
too great to allow the core to become 
critical, thereby serving as a shutdown 
safety device. 

The i.d. of the pressure vessel would 
be ~15 feet for a 1,000 Mw(th) reactor. 
The design of a single closure for such a 
vessel that would be readily opened and 


closed is beyond present industrial | 
capability. Therefore, a number of 


smaller openings together with a double 


valve side chute is proposed as the load- | 


ing-unloading scheme. The fuel tubes 
would be handled in one assembly of 
several tubes at a time. 
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MAMMOTH Narda SonBias7er 


America’s first mass-produced 
industrial-size ultrasonic cleaner! 


SAVE 7 WAYS ON 
RADIOACTIVE DECONTAMINATION 


® Clean faster, speed production! ¢ Cut rejects, eliminate 
bottlenecks! © Save on chemicals & solvents! ¢ Eliminate 
expensive installation! © Cut maintenance and downtime! 
® Save on floor space! ¢ Release labor for other work! 


MAMMOTH 
5-GALLON 
TANK 


‘695 


2-year guarantee on all units. 


SPECIFICATIONS 
Interior Tank size (in.), 1OW x 14L x 94H. Tank Capacity, 5 gallons. 


G-1501 generator, NT-1505 tank. 
Other models from $175. 


Submersible Transducers 

Mode! NT-604 — Hermetically sealed heli-arc welded stainiess steel 
case. Radiating face: 27 sq. in. Effective plane of radiation: 40 to 50 
sq. in. (approx. 10” x 5”). Effective cavitation of volumes: up to 1200 
cu. in. at 24” tank height (5 gal.) and 2400 cu. in. at 48” tank height 
(10 gal.). Swagelok tube fitting on side or end for internal tarik wiring. 
Mode! NT-605 — Same as NT-604 except for bulkhead fitting on back 
for external wiring. Eliminates electrical conduits in solutions 


Ab 
7 


+ 


Now you can say to e chemicals, solvents, and 
degreasing equip reciai luable floor space... eliminate 
high installation costs. , . just by installing a Narda Series 1500 
SonBlaster. At the same time, you'll get better, faster cleaning, 


and you'll need fewer people to do the job! 


Get the tr d tivity of the new 200-watt Narda SonBlaster, 
with the largest transducerized tank ever made, at the lowest price 
in the industry! Choose from transducerized tanks or submersible 
transducers for use in any arrangement in any shape tank you desire. 
Up to 4 submersible transducers can be easily operated from the 
same generator at one time; load selector switch provided — an exclu- 
sive Narda feature. 


Simply plug the SonBlaster into any 110-115 v AC line, and flip the 
switch. In seconds, you'll clean 'most any ptical, electri- 
cal, medical or horological part or assembly you can think of. ‘Perfect, 
too, for brightening, polishing, radioactive decontaminating, pickling, 
quenching and plating; emulsifying, mixing, sterilizing, impregnat- 
ing, degassing, and other chemical process applications. 


Mail the coupon for free help in determining the mode! that’s best 
for you. 














r The Narda Ultrasonics Corporation 
The SonBlaster catalog 625 Main Street 
line of ultrasonic cleaning Westbury, L.1., New York 
equipment ranges from 35 Department N-28 
watts to 2.5 KW, and Gentlemen: 
includes transducerized Please send me more information 
tanks as well as immersi- 

about 

ble transducers. If ultra- 
sonics can be applied to () Series 1500 SonBiasters 
help improve your process, C) The complete Narda line 
Narda will recommend the 
finest, most dependable Name__ 
equipment available — and 
at the lowest price in the 
industry! Address__ 


Organization 


City 


Zone State 
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Name of reactor 


Location 


l for total 
tion 


Princi 
instal 


Reactor built for 


Foreign contractor 
for reactor 


German main 
contractor 


Type of reactor 


Nuclear fuel 


Moderator 


Reflector 


Power 


Neutron flux in 
center n/cm?®/sec 


Cooling: 
primary circuit 
reactor outlet temp., 


press. 
secondary circuit 


Control 


Shielding 


Experimental facilities 


* Based on paper presented at World Power Conf 


1958 


ry * 
+ Presenty under construction; due to go 


Experimental 
Power Reactor 
Kahlt 


Kahl / Main 


Rheinisch-Westfialisches 
Elektrizitatswerk AG 
and Bayernwerk AG 


same as principal 


General Electric Co 
USA 


Elektrizitats- 
AG., Frank- 


Allgemeine 
Gesellschaft 


furt /Main 

Boiling water reactor 
2.6% enriched UQs:, 

6400 kg; natural UO>, 


109 kg: zirconium-clad 


fuel elements, 88 assem- 


blies 
HO 
HO 


60 Mw(th), 15 Mw(e 


H-O 


2R5° C, 1,000 psi 


21 control and safety 


rods 


concrete shielding ot 
2.70 m thickness 


ritical i 


Tabulation of Power and Research 


Experimental 


High Temperature Research Reactor 


Power Reactor! 


NRW Nuclear Research 
Establishment, Jiilich 


A VR, a group of 
Northrhine-Westphalian 
utilities 


same as principal 


none 


Nuclear Energy Group 
Brown, Boveri & Cie 
AG., Mannheim 
Fried. Krupp, Essen 


Pebble-bed reactor 


20% enriched uranium 
carbide, ~50 kg U 235, 
thorium carbide, ~1200 
kg; graphite balls of 5 


and 6 em dia. resp. 


Graphite 
Graphite 


48 Mw(th), 15 Mw(e 


Helium-neon mixture 


600—1,000° C, 14.3-143 


psia 


4 safety rods, controlled 
coolant flow 


rence sectional meeting, Montreal, Canada, 


1960, to full power in 1961 


¢ Although designed, construction has not been started (see NU, Jan '59, 20); planned to go 


critical in 1961 
© Cor 


|| Nuclear Reactor Construction and Operation Co 
§ Munich Institute of Technology 

** Nuclear Physics Institute, Frankfurt Univ 

tt Hannover Institute of Technology 

tf Nuclear Physics Institute, Berlin 


100 


ration for the Application of Atomic Energy in Shipbuilding and Navigation 


Munich (FRM) 


Garching near Munich 


State of Bavaria, 
Technische Hochschule 


Miinchen§ 


Labor fiir Technische 
Physik der T.H. 
Miinchen 


AMI Atomics USA 


MAN (Maschinenfabrik 
Augsburg-Nirnberg) 


Swimming-pool reactor 


20% enriched U, 4.28 kg 
(critical at 3.58 kg), 
BSR-type fuel elements, 
UA, + Al-alloy 


H:O 
H:0 
1 Mw(th) 


thermal: 1.8 
fast: 5 & 10! 


H:0 in pool/heat ex- 
changer 
32° C 


H,O from underground 


well, about 3,500 1/min. 


4 boron-carbide safety 


rods, 1 steel safety rod 


barite con- 


H20, lead 


crete, concrete 


15 
em; 1 beam chan., sq., 
20 cm; 1 rabbit hole, 

¢ 10 cm; 1 thermal 
column, 1.02 m? X 1.20 
m; 1 gamma beam hole 


6 beam channels, 


Ressarch Rencter 
Frankfurt/Main 
(FRF) 


Frankfurt /Main 


State of Hessen, Johann 
Wolfgang-Goethe Univ. 
Frankfurt /Main 


Institut fir Kernphysik 
der Universitat 
Frankfurt /Main** 


Atomics International 
USA 


Water-boiler reactor 


UO. SO, dissolved in 
H,O; 20% enriched, 
1.8 kg (critical at 1.6 kg) 


H.,O 
Graphite 
50 kw(th) 


thermal: about 10!2 
fast: about 2 K 1012 


HO closed 


HO closed 
4 boron-carbide rods 


High-density concrete 
with borocalcite and 
magnetite added 


5 horizontal channels, 

¢@ 7.5 and 10 cm; 4 verti- 
cal chans., @ 10 cm; 

1 central chan., @ 4 cm; 
2 rabbit holes, @ 4 and 

5 cm; 1 vertical thermal 
column, ¢ 40 em; 1 hori- 
zontal thermal col., 

1.50 m? X 1.50 m; 

y irradiation facility in 
subpile room 


February, 1959 - NUCLEONICS 





Reactors of 


Research Reactor 


Hamburg (FRH) 


Geesthacht near Hamburg 


Gesellschaft fiir Kernener- 
gieverwertung in Schiffbau 
u. Schiffahrt mbH., © 


G.K.S.8., Hamburg and 
Kiel Universities, Tech- 
nische Hochschule 
Hannovert ft 


Babcock & Wilcox Co. 
USA 


Deutsche Babcock & 
Wilcox Dampfkessel- 
Werke AG. 
Swimming-pool reactor 
20% enriched U, 3.85 kg 


uranium-aluminium alloy 
MTR-type fuel elements 


H:O 
H.O or graphite 
5 Mwi(th 


thermal: 3.2 xX 


fast: 6.7 


10'* max. 
10°? max, 


HO in pool/heat ex- 
changers; 550 m*4/hr 

46° ( 

H.O heat exchanger /cool- 
440 m3/hr 


ing tower 


3 safety rods containing 
1 control rod 


boron 


barite 


H».O 


normal concrete, lead and 


concrete, 


iron and steel 


7 radial beam channels, 
4 tangential 
@ 15 cm 


(every two opposed) ; 


@ 15 cm; 


beam chans., 


2 radial beam chans., 

4 rabbit holes, 

1 thermal col- 
umn, 1.5m X 1.5 m?; 

1 window for irradiating 
large construction elements 
with mainly fast neutrons 
and beams, 1.7 m X 2 m? 


@ 20 cm; 


@ 3.5 cm; 


Ww 


Research Reactor 
Berlin (FRB) 


Wannsee near Berlin 


Senate of the city of Berlin 


Institut fiir Kernphysik 
Berlinff 


Atomics International USA 


Partnership: AEG, Borsig, 
Pintsch-Bamag, Siemens- 
Schuckert, direction: 
Pintsch-Bamag 


Water-boiler reactor 


UO: SO, dissolved in H,O, 
20% enriched, 1.8 kg 


H:O0 


Graphite 


thermal: about 10!" 
fast: about 2 x 10! 


H:O closed 


~30-80° C 
H.O open 


4 boron-carbide rods 


High-density concrete, 
(S = 3.7 g/cm*m.Fe;O,4 
and CasBsOu: added) 


Similar to FRF 
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est Germany’ 


MERLIN-type 


research reactor 


NRW Atomic Energy 
Research Establishment, 
Jilich 


State of North-Rhine- 
Westphalia 


Scientific colleges in the 
state: Cologne, Bonn, 
and Minster Univs., 
Aachen Technical Col- 
lege, Medical Acad., 
Diisseldorf 


AEI-John Thompson 
Nuclear Energy Co., UK 


Partnership: AEG- 
Rheinstahl 


Swimming-pool reactor 


>90% enriched U, 
6.9 kg, 49 MTR-type 
fuel elements, U + Al, 
Al can 


HO 
H.O 
5 Mw/(th) max. 


5 X 1038 


thermal 


H.O in pool with forced 
circulation; 3 m*/min. 


H:O cooling towers 


2 safety rods; 1 shim 


rod; 1 regulating rod 


H.O, lead, concrete 


(A) 1 central channel, 

¢ 7.5 cm; 4 horizontal 
chans., @ 15 cm; 2 pene- 
trating horizontal chans., 
@ 15 cm; 2 vertical 
chans., 7,5 X 15 em; 

1 shelf, 60 cm long; 

(B) 2 thermal columns, 
@ 1.35 m?; 1 horizontal 
chan., ¢ 30 cm; 3 hori- 
zontal chans., @ 15 em; 
1 vertical central chan., 


7.5 X 7.5 60 cm 


DIDO-type 
testing reactor 


NRW Atomic Energy 


Research Establishment, 


Jiilich 


State of North-Rhine- 
Westphalia 


Scientific colleges in the 


state: Cologne, Bonn 
and Minster Univs., 
Aachen Technical Col- 
lege, Medical Acad., 
Diisseldorf 


Head Wrightson 
Processes Ltd., UK 


Partnership: AEG- 
Rheinstahl 


Heavy water reactor 


>90% enriched U, 
25 MTR-type fuel 
elements 


D:O 


D.O, graphite 


10 Mw(th) max. 


thermal: 10'4 


D.0 forced circulation 
H:O cooling towers 


Signal-arm shim safety 
rods 


D.0O, lead, concrete 
steel 


8 rigid, horizontal tubes 
through D,O reflector; 
10 do. in graphite re- 
flector only; 1 rigid, 
horizontal, oval tube 
through D,O reflector; 
2 rigid, horizontal, rec- 
tangular tubes through 
graphite-bottom reflec- 
tor; 18 removable, ver- 
tical tubes into D,O 
reflector; 10 do., graph- 
ite reflector only; 10 
thermal columns with 
square openings 


Research Reactor 


Karlsruhe (FR 2) 


Karlsruhe 


Kernreaktor Bau-und 
Betriebs-Gesellschaft 
mbH 


Kernreaktor Bau-und 
Betriebs-Gesellschaft 
mbH 


Heavy water reactor 


Natural U, ~5 tons 


D:.O 
D,O 
12 Mw 


thermal: 3 * 10% max. 
fast: 1.5 X 10'° max. 


D-O closed 


45° C 
H:O 


16 cadmium rods, 
@ 5 cm 


Boral, lead, 


steel, concrete 


iron and 


13 horizontal channels 
in core; 12 chans. in 
graphite of thermal 
column; 43 vertical 
chans.; 1 vertical pene- 
trating central chan. 
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Flexible Cobalt Facility 
Will Hold Up to 10° Curies 


The irradiation facility at South- 
west Research Institute was built under 
sponsorship of Pratt and Whitney Air- 
craft for use in testing lubricants. The 
design permits subjecting fluids to a 
combination of mechanical stress, high 
temperature, oxidative atmosphere and 
gamma radiation. were 
FE. A. Droegemueller and R. K. Nelson 
of Pratt and Whitney and J. M. Clark, 
Jr., of Southwest Research Institute. 

Source. After consideration of ac- 


Designers 


celerators, spent fuel and Co®, the de- 
signers chose high-specific-activity Co 
for the radiation source. Computa- 
tions showed that in view of self-ab- 
sorption, small, high-specific-activity 
sources were preferable to larger sources 
of lower specific activity. 

Cobalt disks are 1 cm in diameter and 
2 mm thick. Four are enclosed in a 
stainless-steel “tape” 2!/¢ in. long and 
b6 in. wide. Tapes are heliarc-welded 
at both ends and then mounted in the 


<< OPERATING AREA has access doors at 
extreme right and left, monitoring sys- 
tem on post at center and viewing 
windows between post and doors. 
Control panels are beside viewing 
windows FIG. 1 


PLAN VIEW shows (A) viewing windows, 
(B) access doors, (C) shielding doors, 
(D) source-storage volume, (E) magne- 
tite-concrete front wall, (F) irradiation 
cells and (G) earth-fill shielding FIG. 2 


holders shown in Figs. 4and 6. Source 
design was tested with a low-activity 
analog, in which Fe*® used to 
represent Co, 

The present cobalt had an activity of 
8,800 curies in January, 1957, but the 
facility is designed to handle up to 10° 


was 


curies. 

Cells. Static irradiations are con- 
ducted with the source in its storage 
volume. One or more experiments can 
be set up in each of the cells and ex- 


~ VERTICAL CROSS SECTION shows storage volume at center, 


irradiation cells to left and right 


FIG. 3: 


MOUNTINGS FOR Co®® hold 2-in. long stainless-steel “tapes,” 


each containing 26 curies 


FIG. 4 
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NEW TOOLS 


for Science and Industry 


IRRADIATION CELLS are 13 ft high, 
9 X 15 ft in horizontal cross section. 
Source carrier rolls out of storage after 
experiment is in place FIG. 5 





posed by rolling the source forward on | 
one or both of the source carriers shown 
in Fig. 5. Model 8 manipulators will 
reach any part of both cells from four | e 
manipulator ports in each cell. for Science eee 
Shielding consists of ordinary con- The first 10-Mev Tandem Van de Graaff makes possible the 
crete, magnetite concrete and earth exploration of binding energies in heavy elements, for basic atomic- 
as shown in Fig. 2. Shielding doors reactor design. Now accurate data will be available to nuclear physi- 


and access doors are of steel plate filled 
with 250-lb/ft* iron-chip concrete. 
Hydraulic actuators raise and lower 
storage and access doors to open 
them. Viewing windows consist of a 
3-in. slab of nonbrowning glass, 37 in. 


of zinc bromide solution, 2 in. of | 


laminated plate glass. Thanks to the 


high index of refraction of the zinc 
bromide, the operator can see almost | 


all points in the cell. 


Source 
corrier 


EXPERIMENT WITH FUEL COKER re- 
quires two rows of sources mounted so 
that source carrier can carry them into 
position on both sides of heated irradia- 
tion volume FIG. 6 
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cists, in the energy range above 9 Mev. 


for Industry... 

The first full-scale 
commercial application of 
electron-beam processing is 
providing an improved 
product and new operating 
efficiency. 

Ethicon, Inc. sterilizes 
surgical sutures with ioniz- 
ing electrons from their 
HIGH VOLTAGE 7-Mev mi- 
crowave linear accelerator. 


More “Firsts - in high-powered particle accelerators are in 
advanced design stages at HIGH VOLTAGE ENGINEERING to meet the 
increasing demand for ELECTRONIZED® products. Nearly 200 
accelerators designed and built by HIGH VOLTAGE are now in service, 
and a radiation facility is available for your use at our plant. Bring 
your product or problem to our technical sales department. 


Hy HIGH VOLTAGE ENGINEERING 


IU -Telichaele MASSACHUSETTS 
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X-ray Production with Linear Accelerators 


By MALCOLM H. MacGREGOR 


Applied Radiation Corp., 


Linear electron acclerators are parti- 
cularly useful in their ability to pro- 
duce 
A knowledge of this photon production 
is important for both irradiation work 
and for shielding purposes when the 
electron beam is used directly. The 
graphs and table presented here are de- 


intense bremsstrahlung beams. 


signed for evaluation of photon produc- 
tion and associated shielding problems. 

Radiation lengths. If target thick- 
nesses are expressed in radiation 
lengths, formulas for bremsstrahlung 
production are essentially the same for 
all elements. One radiation length is 
defined as the distance along the beam 
in which the energy of the typical elec- 
tron is reduced to 1/e of its original 
value (1). Figure 1 
lengths as a function of atomic number. 

Forward intensity. The 
tense photon radiation occurs directly 


radiation 


gives 


most in- 
in line with the electron beam when a 
target of optimum thickness is placed 
Figure 2 shows these 
The forward 


in the beam. 
maximum intensities (2). 
intensity as a function of target thick- 
ness is shown in Fig. 3. The curve is 
for gold at 17 Mev (3), but it applies to 
all high-Z targets all 
energies above 5 Mev (4). 


electron 
For low of 


targets and low electron energies, ion- 


and 


Walnut Creek, California 





w 
Se 


nm 
=. 


Radiation Length (gm/cm?) 





40 60 
Atomic Number 


FIG. 1 shows radiation length as function of atomic number. 





4 6 10 15 20 
Electron Energy (Mev) 





Relative Forward 
Intensity 


003 —C*iS (GC ”t~é‘it«CO 
Target Thickness (radiation lengths) 


Expressing target thickness 


in radiation lengths makes bremsstrahlung-production calculations essentially the same 


for all targets. 
for a high-Z target of optimal thickness. 
with target thickness 


ization losses become increasingly im- 
portant (see Fig. 6), and the peak in 
Fig. 3 shifts somewhat toward smaller 
thicknesses. 


target Figures 2 and 3 





Photons Produced per Unit Energy Range (relative) 


Photon Energy _ El 


(Mev) 6.6 5 10.61 


20 
8 


4 


9 


ectron Energy (Mev) 

5 14.51 20.5 
S65 
396 
241 
167 


8 418 
6.2 183 
6.6 108 
5.2 71.4 
2.10 49.1 123 
31.0 95.! 
2.84 < 75.£ 
58 | 
40.6 
3.97 





FIG. 2 gives maximum photon intensity as a function of electron energy 
FIG. 3 indicates variation of forward intensity 


together enable one to calculate for- 
ward photon intensity for a high-Z tar- 
and any combination of target 
thickness and electron energy over the 
For a low-Z target, 
The effect 
of lower Z can be inserted by using 


get 
range covered. 


forward intensity is lower. 


Fig. 5. 

Angular distribution. The 
of Fig. 4 enable calculation of intensi- 
ties in other directions from the forward 


curves 


intensity. In the ranges covered these 
curves are in good agreement with ex- 
periment (3). There is an absence of 
data for energies above 5 Mev, particu- 
larly for thick targets. 
quirements are difficult to estimate. 
Probably a safe rule of thumb is that 
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Shielding re- 





Photon Production 





- $$ $_$_$_______, 


t=target thickness in 
radiation lengths 


ative Intensity 


Relo 


(00 «200, 
Energy x Angle (Mev-deg) 


FIG. 4 tells beam width by plotting relative intensity against 
FIG. 5 is total conversion efficiency for 
photon production from electron beam stopped in thick target. 


energy-angle product. 


Barytes concrete 
(220 lb/ft) 


FIG. 7 gives thicknesses of various common shielding materials 
required to reduce narrow, monoenergetic photon beam to one 
FIG. 8 shows buildup factors for 


tenth of its incident intensity. 


for electron energies of 10-20 Mev and 
thicker than 0.2 
lengths photon intensity at 90 deg can 


targets radiation 
be as high as 5% of forward intensity. 

Total conversion efficiency. 
5 gives thick-target photon-production 
For thick targets con- 
version efficiency varies linearly with 


Figure 
efficiencies (4). 
atomic number (5). Figure 6 enables 
computation of conversion efficiency 
from target thickness (6). 

Spectrum shape. The 
photons in each energy interval of a 


number of 


bremsstrahlung spectrum is relatively 
The spectrum 
shape is shown by the table (7). 
Shielding. The 
sorption coefficients of Fig. 7 (8) and 


Vol. 17, No. 2 - February, 1959 


independent of angle. 


narrow-beam ab- 





Photon-Production Efficiency (%) 


Al 
(Z=13) 


5 <n 


Electron Energy (Mev) 


ie 2 


Woter -3 Mev 


Iron-3 Mev 


lron- 6 Mev | 
Woter -6 Mev | 


Buildup Factor 


|... 2. 
Number of Tenth Value Layers 


etry. 


the buildup factors of Fig. 8 (9) are for 
shielding For approxi- 
mate calculations the spectrum of the 


calculations. 


table is replaced by an effective photon 
energy and Figs. 7 and 8 are used at 
that 20-Mev 
the effective photon energy is~7 Mev, 
and for 6-Mev electrons it is ~3 Mev. 
For treatment 
component of the spectrum is treated 


energy. For electrons 


more accurate each 


separately. Figure 9 shows the equiva- 
lence between photon flux and dose rate 
in air. Figure 9, the table and Fig. 2 
can be used together to obtain the for- 
ward flux at each energy. Figure 4 
gives the flux in any other direction. 
The 1/r? falloff and the shielding atten- 


uation from Figs. 7 and 8 are then 





Energy Loss per Radiation Length (%) 


——- 


20 50 
Electron Energy (Mev) 


FIG. 6 is thin-target conversion efficiency, given by € = tk, 
where t is target thickness and k is per cent of electron energy 
converted into photons per radiation length 


Photon Flux Equivalent to | r/hr 
(105 photons/cm2/sec) 


i 7 oe 
Photon Energy (Mev) 


use with FIG. 7 to find actual attenuation in broad-beam geom- 
FIG. 9 shows equivalence of photon flux and dose rate 
to enable treatment of spectrum by energy intervals 


calculated for each 
Finally total dose rate is calculated 


from Fig. 9. 


energy group. 


* * . 


This data sheet is based on Report AM-100 
(Applied Radiation Corp., Walnut Creek, 
Calif., March 13, 1957). 
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Nuclear 
Instruments 


AIR MONITORS 


Automatically record and warn of a, 6 and y 
radiation in airborne particles for periods up 
to one week, unattended. Fixed or moving 
filters. Standard and custom units or com- 
plete systems. 


PROPORTIONAL COUNTING SYSTEMS 


For precision counting of a, 8 and y radia- 
tion from prepared samples. Ideal for C'*, 
Ca**, P** and H*. New low power design re- 
duces heat, assures longer life, 


COUNT RATEMETERS 


Operate GM, scintillation and proportional 
counting detectors. Equipped to drive 
recorders and alarms. Logarithmic or linear 
models for monitoring or laboratory use. 


PORTABLE SURVEY METERS 


High precision, compact, portable Geiger 
and scintillation counters. Critical compo- 
nents shock mounted and watertight. For 
precise laboratory measurement or rugged 
field use. 
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BOOKS. 


The Practice of 
Nuclear Medicine 
By W. H. BLAHD, F. K. BAUER and B. CASSEN 


(Charles C Thomas, Springfield, ill., $12.50, 
xxiii + 407 pages, 1958). 


Reviewed by Epira H. Quimsy, College 
of Physicians and Surgeons, New York, 
N. Y. 

This addressed to “the 
clinician who is desirous of knowledge 
concerning the new field of nuclear 
It is therefore understand- 
able that the sections on physics and 
instrumentation should be much briefer 
and less detailed than those on diag- 
However, 


book is 


medicine.” 


nosis and therapy. even 
from the point of view of the clinician, 
the section on physics seems too brief; 
the chapter on dosimetry is quite 
inadequate. 

Instruments are discussed briefly in 
both the physics and laboratory sec- 
tions. It is true that the 


does not to know a 


clinician 
deal 
about the theory of their operation, but 


need great 
several important things have either 
barely mentioned or omitted 
entirely. 

Treatment of counting statistics is 
cursory; there is no re- 
solving time of the 
possible losses at high counting rates. 


been 


mention of 
counter or of 


Autoradiography is dismissed with a 
single paragraph in the therapy section, 
which indicates that it is too difficult 
for most technicians and laboratories. 
The present value of radioisotopes in 
a wide variety of diagnostic procedures 
is unquestioned, and in the near future 
new tests will doubtless be developed. 
The diagnostic section of this book 
consists for the most part of straight- 
forward and well detailed accounts not 
only of the generally accepted pro- 
cedures but also of experimental ones 
that show promise. Considered judge- 
ment is given of some that have not 
lived up to first expectations. 
However, one chapter must be 
criticised. The radioiodine uptake test 
for study of thyroid function is 
probably the most widely used isotope 
diagnostic procedure at present. A 
carefully worked out set of instructions 
(such as is given for isotope dilution 
procedures) would have been valuable. 
Instead, directions for selecting the 
working distance are confusing and no 


|mention is made of collimation. In 
|the discussion of standardization, no 


attention is paid to the difference be- 
the radiation reaching the 
counter from a sample in a beaker 


standing on the table, and that from a 
sample in the patient’s thyroid, where 
scattered radiation from the neck, and 
absorption in tissues between the gland 
and the skin surface complicate the 
Neglect of this factor can 
into the 


picture. 
introduce large 
measurements. 
The chapter tumor-localizing 
procedures is conservative, describing 
methods but emphasizing their limita- 
tions. The section on gastro-intestinal 
and renal function, compartment 
volumes, and hematological diseases 
contains a great deal of practical and 
useful information. Techniques of 
sample preparation and measurement 
are set forth clearly. of the 
newer and less known procedures are 
included, with considerations as to their 


errors 


on 


Some 


probable worth. 

Isotope therapy offers less for the 
clinician than do the diagnostic pro- 
The great hopes held out 
when first widely 
available have not been realized. In 
the section on therapy considerable 


cedures. 


isotopes became 


space is, of course, given to the use of 
radioactive treatment of 
several types of disease. The point 
is well made that there is a wide range 
of effective doses, and in procedures of 
clinical management, and that at the 


iodine in 


present time it is impossible to say 
which is best. Similar considerations 
hold for the treatment of hematologic 
diseases with radioactive phosphorus. 
In this section, however, one sentence 
cannot be allowed to pass unnoticed. 
It is stated that “one microcurie of 
radiophosphorus is equal, in terms of 
ionization, to 37 r of X-ray.”” This is 
completely meaningless, but it could 
be interpreted disastrously from the 
point of view of patient treatment. 

The final chapter in this section is a 
purely descriptive account of the uses 
or solid sources in cancer 
therapy. It is prefaced by the state- 
ment that this is a therapeutic field in 
itself, and that the intention here is to 
summarize recent developments and 
evaluate the therapeutic value of 
these agents, the reader being referred 
to the bibliography for practical infor- 
mation. Unfortunately the bibliogra- 
phy is neither complete nor up to date. 

The book is beautifully printed and 
profusely illustrated. There appears 
to be a suprisingly small number of 
misprints for a first printing. 

In the field of nuclear medicine there 
are few worthwhile books. In spite of 
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Scientists and engineers at the Los Alamos 
Scientific Laboratory have access to an 
unusual variety of research tools: excellent 
technical libraries, high-speed computers, 
particle accelerators, experimental reac- 
tors, critical assemblies, ultra high-speed 
cameras, whole-body radiation counters, 
devices for investigating controlled ther- 
monuclear reactions—and specialized 
equipment of many other kinds. 


The writing and publishing of research 
papers is encouraged in many ways at Los 
Alamos. Expert editorial help is available 
to all staff members. More than 1300 
papers have been released for publication 
and an additional 1700 have been present- 
ed at meetings or otherwise made public. 
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For information on employment opportun- 
ities write: Personnel Director, Division 59-17 
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BOOKS 


Department starts on page 106 


some inadequacies, this one will be 


welcomed by all medical users of 


radioactive isotopes. 


| Handbook of Physics 


Edited by E. U. CONDON and HUGH ODI- 


| SHAW (McGraw-Hill Book Co., New York, 1958, 
| 1504 pages, $25.00). 


For ‘“‘ Handbook”’ read ‘‘ Handbuch,” 


| and for “‘Handbuch” read ‘ Encyclo- 


pedia.”” This is the kind of handbook 


| that has much text and few numbers. 
| Thus it does not do again what the 
| Chemical Rubber Co.’s ‘‘ Handbook of 


Chemistry and Physics’’ does with its 
vast table of numbers, and it provides 


| a lot more reading than one can find in 


the recent ‘‘American Institute of 


| Physics Handbook”, (NU, May '57, 


p. 126). 

An impressive list of contributors 
have written sections on the following 
subjects: Mathematics, Mechanics of 
Particles and Rigid Bodies, Mechanics 
of Deformable Bodies, Electricity and 
Magnetism, Heat Thermody- 
namics, Optics, Atomic Physics, Solid 
Physicists 


and 


State, and Nuclear Physics. 


| and engineers will welcome this as a 
| volume to acquaint them with disci- 


plines that are not their specialties and 
to remind them of things they have 


RHE 


forgotten since classroom days. 


Chronic Radiation Hazards 


By G. J. NEARY, R. J. MUNSON and R. H. 
MOLE (Pergamon Press, New York, 1957, x 
+ 191 pages, $7.50). 


Reviewed by S. ALLAN Loven, Health and 
Safety Laboratory, New York Operations 
Office, U. S. Atomic Energy Commission, 
New York, N. Y. 

This book is a delightfully detailed 
presentation and discussion of a large- 
scale chronic experiment on the effects 
of sustained exposure to ionizing radia- 
tion. The completeness with which 
the the 
gratifying and is reminiscent of earlier 


authors treat material is 
days when scientists found it easy 
large 
their 


more frequently to command 


numbers of pages to present 


experimental results. A young scien- 
tist interested in pursuing similar work 
would obtain the 
planning stages of his efforts by making 
a careful study of the experimental 
Team 


real assistance in 


descriptions contained herein. 
work between reactor operators and 
biologists over a period of nearly six 
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years during which the reactor’s per- 
formance was adjusted to the needs of 
the biological experiment makes this 
investigation an unusual one. 

This research report is presented in 
four sections: Experimental Design, 
Dosimetry, Results of Fast Neutron 
Irradiation and Relative Biological 
of Fast Neutrons and 
Gamma Rays for Chronic Exposures. 
Each of the latter three sections is 
provided with an excellent summary. 
In addition there is a very helpful 


Efficiency 


General Summary and 
of the volume. 

The section on Experimental Design 
includes a stepwise discussion of the 
ways in which the investigators arrived 
at the experimental conditions they 
finally employed. 

The section on Dosimetry not only 
assures the reader that great care was 
exercised in estimation of dose rates to 
which animals were subjected but in 
addition is in itself an excellent discus- 
sion of the fundamental problems of 
the of neutron and 
gamma radiation. The importance 
attached to this portion of the book 
is reflected by the 62 pages devoted 
to it 

Four similar colonies, each of 100 


measurement 


carefully selected mice, were exposed 
continuously to fast neutron doses of 
0.08, 0.19, 0.54 and 6.4 rads/week, 
respectively. Contaminating gamma 
radiation was kept to less than 1 r/week 
except in the group receiving the high- 
est neutron dose. The animals were 
unexposed to radiation during about 
26 hr/week, but their environment was 
maintained constant by continuous 
residence in the irradiation tanks. 

Among the conclusions reached by 
the authors after a wholesomely critical 
review of their data are the following: 

1. Mean survival time was decreased 
by one-third at a fast-neutron dose of 
6.4 rads/week. 

2. The majority of the mice, both 
irradiated and controls, died without 
the 
post-mortem. 

3. Mammary tumours and malig- 
tumours of the 
showed increased incidence at the high 


cause of death being discovered 


nant nasopharynx 


dose. 


4. After about months at 6.4 
rads weekly, there was an abrupt loss of 


nine 


weight. 
5. White blood cell count did 


predict radiation damage. 


not 


6. Gonadal damage was the earliest 
change detected and weight of the 
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Conclusions | 
and a Glossary of Symbols at the end | 
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AIR PARTICLE MONITORS 


Portable and rack mounted a, b, y air par- 
ticle monitoring units. Moving paper and 
fixed paper instruments available. Produced 
to latest AEC and military specifications. 


HAND AND FOOT 
MONITORS 


For a, b, y detection and 
measurement. Equipped with 
scaler or ratemeter read-out. 
Auxiliary probes available. In- 
corporate long-lived, Anton 
halogen quenched stainless 
Steel counters. 


PORTAL 
“CHECK-OUT” 
MONITORS 





Convenient, complete uninter- 

rupted “head-to-toe” b, + 

monitored exiting. Effective 

rapid portal monitor offers 
eight individual alarm channels. Complete with 
long-lived, thin-walled Anton halogen quenched 
Stainiess steel detectors. 


PRECISION 
LABORATORY 
RATEMETER 


Newest version of the 

first commercially avail- 
able log-linear ratemeter. The 229 Series sets 
the standard for precision count rate measure- 
ments in the research, medical and industrial 
fields. Six linear scales—one log scale—integral 
highly regulated power supply—other unique fea- 
tures. Favorably priced—can be used with scintil- 
lation, halogen or organic counters. Recorder 
jack included. ideal for chromatogram analysis. 


Gof 


ALPHA, BETA, GAMMA AND NEUTRON DETECTORS 


More than 100 types of detectors covering the entire range of nuclear radiation. . . unique 
configuration and ‘special application’ devices. The Anton Neutron Detector Catalog and the 
Anton a, b, 7 Detector Catalog belongs in your radiation facility reference file. 
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| 


estes was a more sensitive indicator of 


Curtiss-Wright ultra-sensitive |... 
DYNAMIC CAPACITOR ELECTROMETER | <2: onion. —— 


7. The life span was shortened by 
| exposure to chronic irradiation limited 
|to a few weeks or months; continued 

| ¢-5- 16 ee oe 0) ae irradiation to death overestimated the 
amount required to shorten life span 


10° ad AMPS | by a given amount. 

| The discussions of relative biological 

with 1012 ohms resistor | efficiency of fast neutrons is excellent. 

|The data presented led the authors to 

| the significant conclusion that ‘‘ When 

a tissue is able to recover from radia- 

tion damage it may be wrong to 

calculate the r.b.e. for chronic irradia- 

The Curtiss-Wright Dynamic Capacitor Electro- | tion from the total accumulated doses 
meter is both a highly sensitive millivoltmeter and 


a micro-microammeter. It can be used to read | E 3 
10—100 — 1000 mv scales low potentials originating in high impedance | Proper comparison is between the dose 


10-5 to 10-'4 amps full scale sources, insulation resistance, grid currents, static | rates which produce an effect of the 

Less than 1 mv drift perday °4rges, etc., and as a null detector. In physics | same degree at the same time after the 

Accuracy + 2% and chemistry, . provides measurement of PH ion | start of irradiation.” Among other 
currents in mass spectrometry. Its low drift per- 

Input resistance 10'5 ohms mits reliable detection of radioactivity for health valuable 

Short response time physics and reactor control. For complete infor- | indicated that the gonads 
mation, write: Electronic Equipment Sales Dept. | organs that are the most sensitive to 


MODEL 202 ELECTRONICS Division chronic irradiation at very low dose 


rates. 
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POS Cariotedt, N. J. experiments on the biological effects 


CORPORATION * CARLSTADT, N. J. 


required to produce an effect. The 


observations the evidence 
are the 


of chronic irradiation can benefit ma- 
oo) 9 a renee i terially by a careful study of this book. 
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In film badge service, reliability counts, too. Our 5-filter system assures highest accuracy i 
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Reseerch, Medicine | Irradiation of polymeric hydrocar- 


Education, Industry’ ° : A j ‘ . 
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196 Degraw St. Brooklyn 31. N.Y. resulted in detonations of sufficient 





force to merit the publication of a 








precautionary note to others in the 
field. Although no injuries have re- 
FOR PRODUCT INFORMATION sulted, glass fragments from the 
IN THE NUCLEAR INDUSTRY shattered Dewar flasks have been pro- 
TURN TO THE... jected with sufficient energies to 


jeopardize personnel in proximity to 


the occurrence. 
N U C L p 0 N i C 5 Explosions have occurred during 


irradiation and during the interim 
BUYERS’ GUIDE <ete 


between irradiation and the time at 


(IN THE NOVEMBER ISSUE) which the flasks and contents have 
| returned to ambient temperature con- 

A McGRAW-HILL PUBLICATION ditions. Cork, rubber and polyethyl- 
330 WEST 42ND STREET, NEW YORK 36, N. Y. ene have exhibited this phenomenon. 


Reactions have occurred as a series of 
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..in any enrichment 
.as sinterable powder 
.as high-fired powder 


..as high-density pellets, 
plates, rings or 
cylinders 

. pure, or in combination 


with other materials, 
such as ThOs 


Also: UO3, UxOx; UC, UCs: UF,; | 


ammonium diuranate; uranyl nitrate, 
sulfate, chloride and fluoride, as well 
as other compounds. 


Also: Uranium and thorium alloys; 


metallic and ceramic dispersions; con- 
trol and moderating materials. 

Continuous process conversion 
from UF¢ assures product uniformity. 

Fully integrated facilities — UF, 
conversion, fabrication, scrap recov- 
ery—are your guarantee of maxi- 
mum economy and quality. 


NUMEC 


Nuclear Materials 
and Equipment Corporation 


Apoilo, Pennsylvania 
Telephone: GRover 2-8411 Cable NUMEC 
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| tions 


| “box” on p. 109. 


Thus g is equal to 





small reports and more violently as a 
single shattering explosion. Disposi- 
tion of the irradiated liquid nitrogen 
by evaporation into a hood in which 
volatile organic solvents were stored 
resulted in ignition of the vapors. 

We attribute this phenomenon to the 
formation of ozone in_ irradiated 
oxygen, its condensation and solution 
in liquid nitrogen. Ozone (B.P., 161° 
K) is stable in liquid nitrogen and 
irradiation continues 
and as nitrogen (B.P., 77° K) evapo- 
rates. When the com- 
pletely gone, the temperature begins 
At the boiling point of liquid 
ozone there occurs a violent oxidation 
of any organic material present. 

We have received word of a recent 
similar occurrence at the University of 
Michigan Fission Products Laboratory. 
We are hopeful that a word of caution 
will prevent the occurrence of accidents 
of a more serious nature and feel that 


concentrates as 


nitrogen is 


NUCLEONIcCS might perform a service 
by publishing this information. 


L. B. Banas, T. C. GREGson 


and E. H. MANUEL 

Research Division 

The Goodyear Tire & Rubber Co. 
Akron, Ohio 


.as high-fired spheroids | ©°'Tections 


DeEaR Sir: 

In my article “Effective Cross Sec- 
for Thermal Spectra” (NU, 
October ’58, 108), I wish to draw your 


| attention to two printer’s errors in the 


In the last line in 
the 2nd paragraph of this box, ‘7'5 = 
Lgmvo2” should read “k7') = 44mp,?.” 
Eight lines lower, the text should read: 
. f = (T/T) |o2,200/0(kT)\g. 
f only at T = To, 
where ... 

—C. H. Westcotr 
Reactor Research and Development Division 


Atomic Energy of Canada Lid. 
Chalk River, Ontario 


| What | Said Was... 


DEAR Sir: 


NUCLEONICS has misinterpreted my 
remarks on p. 27 of the December, 
1958, issue to the effect that I said ‘‘no 
private reactor patents have ever been 
filed.” What I actually said was 
“ .. there have been no private 
patents in reactors issued in this 
country.” 

—R. T. Bryan 


The Babcock & Wilcox Co. 
New York, N. Y. 
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- milli microsecond 


measurements 


WITH THE 


\ Bldorado j 


MODEL TH-300 «” 


TIME-TO-PULSE 
HEIGHT CONVERTER 


applications 
* Neutron time-of-flight 
measurements 
* Half-life determinations of 
short lived isotopes 


* Determination of short-time 
decay in isomeric states 


* Fast coincidence studies 
* Delay line calibration 

* Energy determinations 
* Transient time studies 


An analog-to-analog converter 
which transforms time to amplitude 
over the time range of 1 to 3000 
milli microseconds, the TH-300 
provides an output pulse whose 
amplitude is proportional to time. 
The output can be measured with 
a pulse height analyzer or scope. 


KEY SPECIFICATIONS Three time ranges 
— 300, 1000, and 3000 milli microsecond 
full scale. input, pulse start channel, am- 
plitude of 2-100 v negative, duration 
of 0.01 — 0.10 microseconds; stop chan- 
nel, amplitude 15 — 150 v negative, dura- 
tion of 0.01 -—1.00 microseconds. Output, 
negative ramp, 8 v full scale. Domestic 
price $795. Immediate delivery. 


For complete technical and sales 
information, call your nearest 
Eldorado Engineering Representa- 
tive or write directly to Dept. N2 


Eiidorado 
/Slectronics 


282] Tenth Street 
Phone THornwall 1-4613 





Berkeley 10, California 
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Soil-Density and -Moisture Gage 


Models P21 and P22 (above) moisture and density probes permit measure- 


ments directly on surface of material. 


Results obtained are as accurate 


(within 2 lb/ft* wet density) and reproducible ("4 lb/ft* moisture content) 


as those of conventional, nonnuclear methods (or more so). 


nical person can perform tests in as little as two minutes. 


One nontech- 
Both probes are 


used interchangeably with Model 2800 portable scaler (above) to measure 


semispherical volume of material whose depth varies from 


inversely with moisture content 
229 W. Erie St., Chicago 10, II. 


Activation-Analysis Service 


Activation-analysis service that can 
determine presence of one part per bil- 
lion of boron in silicon permits quality 
control in manufacture and processing 
of chemicals, drug supplies, catalysts, 
and 
control of 

Nuclear 
F. ©. 


metal products, alloys 


materials 


metals, 
other 
trace elements is necessary. 


in which 
Science and Engineering Corp., 
Box 10901, Pittsburgh 36, Pa. 


End-Window G-M Tubes 


Range of alpha-beta-gamma end-win- 
dow Geiger-Mueller tubes of varying 
window thicknesses includes detectors 
with bismuth-mesh cathodes that pro- 
vide high sensitivity to gamma radi- 
ation, to [331 
gamma rays. Quench filling prevents 
tube damage caused temporary 
overvoltage and gives stable, reproduci- 
ble operating characteristics.—N ucle- 
onic Corp. of America, 196 Degraw St., 


Brooklyn 31, N. Y. 
112 


especially low-energy 


by 


or 


~3 to 8 in. 


density.—Nuclear-Chicago Corp., 


Engineering Test Loop 
1,000-psia, forced-circulation-water 
test loop to be used in study of reactor 
heat transfer, fluid flow and corrosion 
over range of heat flux from 50,000 to 
500,000 Btu/hr/ ft? Heat- 
flux values similar to those found in 
electrically 
heating various test specimens.—Nu- 
clear Products-ERCO Div., ACF In- 
dustries, Inc., Washington 11, D. C. 


is available. 


reactors are achieved by 


Photomultiplier Tube 


Model RCA-7265 14-stage 
type photomultiplier tube features im- 
photocathode. Spectral re- 
range 3,000-7,500 A, 
with maximum response at ~4,200 A. 
Other features include electrostatically 


head-on- 


proved 


sponse covers 


focused dynode stages, pulse-height 
resolution of about 8% and focusing 
and accelerating electrodes having ex- 


Tube flat 
faceplate, minimum photocathode di- 


ternal connections. has 


ameter of 1.68 in. and maximum length 


of 74g in.—Radio Corp. of America, 


Harrison, N. J. 
High-Vacuum Pump 


‘“‘Evapor-Ion” electronic pump oper- 
Titanium wire, 


fed to post heated by electron bombard- 


ates with no outlet. 


ment from filament, evaporates and, 
upon striking cooled pump wall, con- 
to thin 
molecules wander into pump from vac- 


denses layer. Nitrogen-gas 
uum chamber and are ionized by elec- 
trons emitted by filament. Electrical 
field of accelerator grid violently re- 
pulses these ions and drives them into 
titanium layer, where they chemically 
combine with titanium. As each layer 
of titanium becomes chemically satu- 
This 


constant removal of gas molecules by 


rated, fresh layer is deposited. 


evaporation and ionization produces 
pressure in range of 10-4-10-® mm Hg. 
Nitrogen is pumped at speeds as high 
as 2,000 liters/sec.—Consolidated Elec- 
trodynamics Corp., 300 N. 
Madre Villa, Pasadena, Calif. 


Self-Lighted Markers 


Markers require no electrical connec- 
Each 


unit is completely self-contained, com- 


Sierra 


tions or externa] power source. 


prised of glass tube internally coated 
with special phosphor and filled with 
tritium gas. Depending on end appli- 


cation and brightness requirements, 
these 
rupted light for up to 25 yr. 
is readily visible at 100 ft more, 
at 25-35 ft.—United States 


Radium Corp., Morristown, N. J. 


provide uninter- 
Marker 


or 


markers can 


legible 


Sample Applicator 


Model 1260 sample applicator (above) 
has heated airstream for quick and 
accurate setup of paper chromatograms 
by pipetting. Largest size filter-paper 
sheets are held firmly by flexible metal 
fingers on either side of line of origin. 
Working area at line of origin is fully 
backlighted. Airstream temperature 
can be adjusted. Pipette bracket 
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Tracerlab — 


REACTOR MONITORING CENTER 


SENSITIVE 


STANDARDIZED 


RADIATION 


Eek Been ak. Ee 


EQUIPMENT 
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2,500 PSI Unit with 
Automatic Flow Alarm 
3,000 PSI Unit 


= 


Continuous Monitor for 
Airborne Particulate 
Radioactivity 


. ’ 


4 
Radioactive 
Gas Monitor 


FISSION PRODUCTS WATER MONITOR 


General Electric for Lockheed Aircraft Reactor 
Facility » AMF Atomics on all research reactors 
to date +» Babcock & Wilcox on MTR «+ Westing- 
house A-1W Project (3,000 psi) + Convair Divi- 


sion of General Dynamics + West German 
Government + ACF Industries for Swedish Re 
actor (2,500 psi). 


CONTINUOUS MONITORS FOR AIRBORNE PARTICULATE RADIOACTIVITY 


Westinghouse for Shippingport Power Station 
* General Electric GETR, Vallecitos Reactor Site 
* AMF Atomics on all research reactors to date 
« Army Chemical Center, Edgewood, Md. (6 mo- 
bile units) * Babcock & Wilcox on Brazilian 


RADIOACTIVE GAS MONITORS 


General Electric on Aircraft Nuclear Propulsion 
Project *« ACF Industries on Swedish Reactor 
(CO2 Coolant) + General Electric GETR, Valle- 


COMBINED SYSTEMS 


All three as primary system, ETR, Arco « All 
basic equipment for rupture detection and 
stack monitoring on Aircraft Nuclear Propul- 
sion Test Facilities, Arco, specially designed 
by Tracerlab « All three in special combination 
as primary detection equipment on GETR + 


Reactor * General Electric on Aircraft Nuclear 
Propulsion Project + Danish Atomic Energy 
Commission + University of Minnesota + U.S. 
Air Force, Wright-Patterson AFB + Babcock & 
Wilcox at NRTS, Arco. 


citos Reactor Site » Babcock & Wilcox at NRTS, 
Arco + General Electric for ANP Dept., 
Cincinnati. 


Combined air particulate and gas monitors, 
International General Electric for Spanish Re- 
actor «+ Two complete retention tank monitor- 
ing systems for IVNIC, Caracas - Complete mo- 
bile monitoring stations, Japanese Atomic 
Energy Research Institute. 


Tracerlab radiation detection equipment has been selected to meet 
the rigorous requirements of these key installations all over the 


world. TRACERLAB can do the same for you. Write or em , 
us today. We will be happy to discuss your requirements wit 
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First in the Field... 


you. 





and still the Leader 


2030 Wright Avenue, Richmond, Calif., LAndscape 5-8510 
1610 Trapelo Road, Waltham, Mass. 
2419 South Boulevard, Houston, Texas 





VIBRATING 
CAPACITOR 


A vibrating-reed type 
capacitance modulator 
for use in measuring 


| trolled. 
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pivots on moving carriage so that both 
vertical and horizontal positions of 
pipette in relation to paper are con- 
Research Specialties Co., 2005 
Hopkins St., Berkeley 7, Calif. 


Well Counter 


Model SC-1  well-type 
counter (above), designed to detect all 


scintillation 


levels of gamma radiation in prepared 
samples, is equipped with completely 
transistorized preamplifier. Lead 
shield of no less than 2}<¢ in. in all direc- 
tions reduces background counts to 
~200 cpm under average conditions. 
Sensitivity is such that 10~5 we of I! 
can be detected with counting effi- 


ciency of ~50%, and 1 me of I'* will 


clude counterbalanced lid with handles, 
removable plug over crystal to accom- 
modate unusually long test tubes and 
samples up to 22 em’, and two-piece 
construction. Weight ~220 ]bs.—Nu- 
clear Measurements Corp., 2460 N. 
Arlington Ave., Indianapolis 18, Ind. 


Submicron Filter 


Model MF-25 submicron filter for use 
primarily with distilled or demineral- 
ized water where it removes particulate 
matter down to 0.45 micron. Filter 
media is Millipore cellulose-ester mem- 
Entire unit be made of 
stainless steel or aluminum. Rate of 
flow is 25-100 gal/hr. Used in series 
with water still and demineralizer, the 
MF-25 helps produce ultra-pure water 
of 15,000,000-ohms resistance.—The 
Barnstead Still & Sterilizer Co., Lanes- 
ville Terrace, Boston 31, Mass. 


brane. can 


Radioactive Gases 


Gaseous mixtures are available with 
krypton-85, carbon-14, tritium or sul- 
fur-35 compounds.—The Matheson 
Co., Inc., P. O. Box 85, East Ruther- 
ford, N. J. 


Gamma-Beta Monitor 


Model DZ14 bench-type detector pro- 
vides warning and environmental moni- 
toring of beta and gamma radiation. 
“‘Detectolab” positive 
buzzer and lamp indica- 


incorporates 
‘*90-no-go”’ 
tions. Built-in time-delay circuit is 
incorporated to prevent false alarms. 
G-M tube plugs directly into rear of 


chassis. Unit operates from standard 


currents as low as 
10~—'* amperes. 


give >10° cpm. Other features in- 110-v a-c outlet with built-in, self-con- 


NUMEC Alarm Meets New Regulations 


This gamma-radiation alarm system has 


Long term stability for 
process control. Drift 
+0.2 millivolts per 


day, non-cumulative been especially designed to meet the new 
> >. 


requirements of Section 70.24, Part 70, 
Title 10, Code of Federal Regulations, 
as promulgated November 11, 1958. The 
system incorporates a sensing unit that 


Write for 

Catalog 523. 
instantaneously activates dual modulated 
horns in the event of a criticality incident. 


) | 
= 


Sa 


STEVENS 


INCORPORATED 


ARNOLD 


The horns generate a distinctive and very 

loud sound that overrides plant noises. 

The system also includes door warning lights to direct evacuating personnel 
the critical addition, the automatic 
self-testing feature with failure that 
installed anywhere. The sensitivity of the system can be factory preset between 
the limits of 3 mr/hr and 60 mr/hr to meet the requirements of 10 C.F.R. §70.24. 
The alarm is set off whenever the preset level is reached or exceeded no matter 


away from area. In system has an 


audible and visual signals can be 


how high or how fast the flux rises. The life of the radiation sensor is essentially 
unlimited by the number of counts. The sensor is guaranteed by the manu- 
facturer for 5 X 10° counts. Only two types of tubes are used in the entire 
system; these tubes have an estimated service life of about 5 yr.—Nuclear 
Materials and Equipment Corp., Apollo, Pennsylvania. 
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tained power supply. Sensitivity is 
adjustable to 50-1,000 cpm.—BJ Elec- 
tronics Div., Borg-Warner Corp., 3300 
Newport Blvd., Santa Ana, Calif. 


Machined BeO Shapes 


Hot-pressed and machined beryllium 
oxide shapes are available. High-pu- 
rity BeO powder is calcined from spe- 
cially processed beryllium hydroxide at 
1,000° C. With average particle size 
of 1-2 microns, powder is packed in 
graphite molds for hot pressing in in- 
duction furnace. Densities >95% 
theoretical can be attained. After 
cooling, BeO blocks are machined by 
diamond-tipped, pre-set, or remotely 
controlled, tools operating in closed 
air systems.—The Beryllium Corp., 
Reading, Pa. 


Ratemeter 


Radiodigit is pocket-sized Geiger- 
Mueller-tube ratemeter with following 
features: fully transistorized, printed 
circuits, rechargeable or dry battery, 
two ranges of measurement, indica- 
tions given by loud-speaker or digital 
readout.—Elomag SPRL, 2 Avenue 
Wellington, Brussels 18, Belgium. 


Photomultiplier Tube 


Model 6342-A photomultiplier tube, 
which supersedes Model 6342, features 
improved pulse-height resolution, re- 
duced transit-time variation, higher 
cathode luminous sensitivity and higher 
current amplification. Design features 
include semitransparent photocathode 
on curved inner surface of face end of 
bulb, minimum photocathode diameter 
of 1.68 in., faceplate with flat external 
surface, 10 electrostatically focused 
multiplying (dynode) stages and focus- 
ing electrode with external connection. 
Model 6342-A has spectral response 
covering range from ~3,000 to 6,500 A 
with maximum response in blue region 
at ~4,000 A. When operated at 
1,250 v, it has median luminous sensi- 
tivity of 14 amp/lumen and current 
amplification of 175,000.—Radio Corp. 
of America, Harrison, N. J. 


High-Voltage D-C Supply 

Model 120-5-1 is d-c power supply, 
rated 5 ma at 120 kv. Its ripple is 
<2% rms.—Del Electronics Corp., 
521 Homestead Ave., Mount Vernon, 
N. Y. 

Flexible Hose of Ti 


Small metal hose is produced from 
0.010-in.-thick titanium strip formed 
into flexible:tube of interlocking type 
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with id. of 0.050 in. and o.d. of 
0.115 in.—Flexonics Corp., Maywood, 
Ill. 

Wire-Rope Slings 

Acco-Registered wire-rope sling has 
4-leg, 1}¢-in.-diam wire rope and 
anchor shackle from 4-legged spreader- 
bar sling. Slings have rated capacity 
of over 39 tons with angle of lift of 30 
deg. They have been proof-tested at 
factory to withstand twice safe work- 
ing load, based on safety factor of 
5:1.—American Chain & Cable Co., 
Inc., 929 Connecticut Ave., Bridge- 
port 2, Conn. 





Weighing Apparatus 


Semi-automatic, dial-controlled appa- | 
ratus (above) is capable of weighing 
objects of up to 50 kg, providing sensi- 
tivity to 10 mg (or 1 part in 5,000,000 | 
relative to capacity) and doing it in 
minutes—Voland & Sons, 32 Relyea 
Place, New Rochelle, N. Y. 


Geiger Counter 


Uranoscope is fully transistorized 
gamma-radiation indicator with printed 
circuit and choice of rechargeable or 
dry battery. Indications are given by 
loudspeaker and neon tube with gradu- 
ated scale—ELOMAG, SPRL, 2 Ave- 
nue Wellington, Brussels 18, Belgium. 





Shielded “Long” Counter | 
Model NC-2 shielded “long” counter | 
has BF; detector enclosed in 8-in.-diam, | 
paraffin-filled cylinder that moderates | 
fast neutrons and discriminates against | 
thermal neutrons. Cylinder is located 
in 15-in. shield that attenuates fast 
neutrons from side. Shield, consisting 
of concentric cans of brass, paraffin 
and cadmium, is ~3 in. thick. De- 
tection efficiency is essentially inde- 
pendent of neutron energy from 50 kev 
to about 5.0 Mev. Fast-neutron sensi- 
tivity is 560 cpm per nv for PoBe 
neutron flux. 





Ratio of front-to-side | 


New atomic-age laundry 
all American equipped 


Staffed with radiological safety experts 
and fully equipped with specially de- 
signed American Laundry Machinery 
Company equipment, Nuclear Engi- 
neering Co., Walnut Creek, Calif., is 
the world’s latest atomic-age laundry. 


Owners Joseph Law and Terry Hufft 
specialize in decontaminating and wash- 
ing “hot” clothing in addition to their 
other radioactive waste disposal opera- 
tions, and their services are in constant 
demand by the many nuclear plants 
and laboratories in the nearby Bay 
Area of San Francisco. 


| Laundry machinery for this new plant 
| was selected from American’s wide 
| range of automatically controlled, 


labor-saving equipment, especially de- 
signed for the decontamination and 
washing of radioactive clothing. 


For complete information on laundry 
equipment for your nuclear plant or 
laboratory, write for Catalog Form 
#2642. 


Modern, efficient laundry facilities at 
Nuclear Engineering Co., completely 
planned and equipped by The American 
Laundry Machinery Company. 
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New and 
forthcoming 
Van Nostrand 
Books 


INTRODUCTION TO NEUTRON PHYSICS 
by L. F. Curtiss, Consultant to the Director, National | 
Bureau of Standards. In this first volume in the Van | 
Nostrand Nuclear Science Series, a leading research 
physicist surveys the key field of nuclear power 
the neutron. Emphasizing experimentally demon- 
strated facts and the methods by which dato were 
obtained, Dr. Curtiss offers a study which is of vital 
concern to scientists in industry and students in the 
field. 500 pages, about $8.50 


MATHEMATICS DICTIONARY 

2nd edition, by Glenn James, Editor, Mathematics 
Magazine, and Robert C. James, Harvey Mudd 
College. Thoroughly revised and enlorged; now 
contains more than 7,000 mathematical terms, PLUS 
multilingual indexes giving their Russian, German, 
French and Spanish equivalents. 544 pages, $15.00 


RUSSIAN FOR THE SCIENTIST 

by Ludmilla B. Turkevich and John Turkevich, both 
at Princeton University. This rapid but sound intro- 
duction to Russian is adaptable to each individual's 
particular needs—from a mere deciphering of titles 
or a reading of graphs to a thorough study of 
Russian scientific literature. 300 pages, about $7.50 


CRYOGENIC ENGINEERING 


by Russell B. Scott, Chief, Cryogenic Engineering 
Laboratory, National Bureau of Standards. Covers 
accurately and in detail, the practical aspects of 
cryogenic processes and equipment, as well as a 
careful discussion of underlying theory. 

; 448 pages, about $5.60 


NUCLEAR REACTOR METALLURGY 

by Walter D. Wilkinson and William F. Murphy, 

both of the International School of Nuclear Science 

and Engineering, Argonne National Laboratory. 
382 pages, $5.60 


aa 


J 
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NUCLEAR POCKET BOOK 
edited by O. R. Frisch, OBE., FRS., with 21 special- 
ist contributors. 640 pages, $8.50 


SOURCEBOOK ON ATOMIC ENERGY 
2nd edition by Samve! Glasstone, Consultant, U.S. 
Atomic Energy Commission. 640 pages, $4.40 


FREE EXAMINATION COUPON 
Dept. NV¢ 
D. VAN NOSTRAND COMPANY, INC. 


120 Alexander St. Princeton, N. J. 


Send me for 10 days FREE examination the book(s) 
checked below. Within 10 days | wil! remit purchase 
price plus small delivery cost or return book(s) and 
owe nothing. 


C Introduction to Neutron Physics (Curtiss) 

0 Mathematics Dictionary (James) 

© Russian for the Scientist (Turkevich) 

0 Cryogenic Engineering (Scott) ; 
CO Nuclear Reactor Metallurgy (Wilkinson) 

C) Nuclear Pocket Book (Frisch) 


$8.50 


Zone . . . State. 


SAVE! Remit with order and we pay delivery cost. 
Same return gucrantee 
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sensitivity is ~2:1 for 4.5-Mev neu- 
trons.—Tullamore Electronics Labora- 
tory, 6055 8. Ashland Ave., Chicago 
36, Il. 


High-Temperature Materials 


Lightweight honeycomb structures 
(above) of thin-walled ceramics made 
by Cercor process, can withstand tem- 
peratures up to 1,000° C (1,800° F) 
with virtually no thermal expansion 
and can operate continuously at 700° C 
(1,290° F). Coefficient of thermal ex- 


pansion is 1 X 1077/° C (0-300° C). |: 


Available Cercor pieces have compres- 
sive strength, parallel to the channels, 
of 2,000 psi. Surface of 20- 
hole/in. corrugated structures is 1,500 
ft?/ft?. 
30 Ib/ft* and specific heat (room tem- 
perature) of 0.20. Average wall thick- 
ness is 0.005 in.—Corning Glass Works, 
Corning, N. Y. 


area 


Material has density of about 


Dry Box 
Model 


(above) is available in either all trans- 


29 hemispherical dry box 
parent plastic or in combinations of 
steel and plastic. Observation dome 
in both types is of plastic; circular tank 
is mild or stainless steel or plastic. 
The dry box can be evacuated by 
vacuum pump or purged by sodium- 
arc gas-purification system that burns 
up oxygen in box. ‘‘Lazy Susan” 
turntable is available in stainless steel. 
Standard diameter of dry box is 24 in. 

Controlled Atmosphere Enclosures 
Mfg. Co., Inc., 1061 E. 8th St., 


Jacksonville 6, Fla. 


a 
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Our Advanced Design Group 
is at work on 


NUCLEAR 
ROCKET ENGINES 


and needs the help of 
the following men 
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Senior Engineer. MS or PhD. He 
will study nuclear engine applications, 
determine the most suitable missions, 
correlate engine thrust requirements 
with vehicle performance, and evalu- 
ate vehicle and engine system design 
problems peculiar to the thermal, 
nuclear, and space environment of 
nuclear missile systems. 


Senior Engineer. MS or PhD. He 
will make system dynamic studies of 
nuclear rocket engine systems to 
determine system stability and opera- 
tional characteristics, establish con- 
trol system requirements to obtain 
required accuracy and response char- 
acteristics, and synthesize new meth- 
ods of control required by thermal 
and nuclear radiation environment. 


Senior Design Engineers or Spe- 
cialists. BA or MS or equivalent. 
These men should be conceptual 
rocket engine designers with experi- 
ence in turbopump or high speed 
rotating machinery layouts and famil- 
iarity with combustion devices. They 
should be creative designers, oriented 
toward preliminary design. 


Please write to Mr. C. B. Jamieson, 
Engineering Personnel Dept., 6633 
Canoga Avenue, Canoga Park, Calif. 


ROCKETDYNE F2 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 


FIRST WITH POWER FOR OUTER SPACE 
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Radioactive Standards 


Eight long-lived radioactive isotope 
standards, previously supplied by Na- 
tional Bureau of Standards, are avail- 
able for immediate shipment. They 
include cesium-137; cobalt-60; radium 
D, E and F; iron-59; strontium-90; 
sulfur-35; tantalum-183 and thallium- 
204. All are solution standards, ex- 
cept radium, which is in plated form. 
These long-lived standards are addi- 
tions to year-old line of short-lived 
standards: iodine-131, phosphorus-32, 
gold-98, sodium-24 and potassium-42. | 

Nuclear-Chicago Corp., 223 W.| 
Erie St., Chicago 10, II. 


LITERATURE AVAILABLE 


Laboratory instruments are described 
in 24-p. Catalog M.—The Ealing) 
By oy 
Corp., 40 University Rd., Cambridge — 


38, Mass. 





One of two 4'2 foot thick radiation shielding windows Continental Oil Com- 


Chemicals, metals and minerals avail- 
able are listed in 12-p. booklet.—Foote 
Mineral Co., 18 W. Chelten Ave., 
Philadelphia 44, Pa. 


Recorders, controllers and indicators 
are described in 12-p. Bulletin GEA- 
6792.—General Electric Co., Sche- 
nectady 5, N. Y. 

If you’re building a lab for atomic re- 
Manufactured-graphite technical data | search, most likely there’s a hole in 
is contained in looseleaf handbook, | your plans—right in the hot cell wall. 
registered copies of which will be avail- Here’s how Continental Oil Company 
able to selected technical people.—| found the shielding window just right 
National Carbon Co. Div., Union Car-|to fill the hole, and how Corning 
bide Corp., 30 E. 42nd St., New York helped them do it. 
17, N. Y. First Conoco specified the wall thick- 
ness, the energy level, and the desired 
Electronic instruments are described in| yiewing area of their new hot cell to 
4-p. short-form catalog. —Eldorado Corning engineers. They emphasized 
Electronics, 2821 Tenth St., Berkeley, | that they wanted protection; yet they 
Calif. did not want to sacrifice visibility. 

Then Corning engineering took over. 


Zirconium-hydride properties and ap- 

plications are given in 4-p. data sheet.| 1, We determined size of the window 
Metal Hydrides, Inc., Congress St.,|in respect to the viewing area—kept 

Beverly, Mass. | size at a practical minimum. No extra 

glass, no extra cost. 

lon-exchange technique is explained | 

Bulletin Z-5.—National Alu-|2, We decided which glasses to use— 

minate Corp., 6318 W. 66th Pl., Chi-| whether to use one, two, or three of the 

cago 38, Il. special glasses we've developed to do 


in 60-p. 


lon-exchange resins are covered in 
4-p. data sheet with price list.—BIO-| 


RAD Laboratories, 32nd & Griffin Wf 
Ave., Richmond, Calif. 

‘‘Crucibles for Metal Melting’ is 

Vol. 17, No. 2 - February, 1959 


CORNING 


pany has in its new hot cell. Hot cell walls are 5 feet thick. Corning engi- 
neered and built the windows ready to install. 


What happens when a new 


hot lab goes window-shopping 


the job. Corning glasses give maxi- 
mum visibility. 

3. We determined thickness to give 
Conoco the safety they wanted. Corn- 
ing Code 8362 glass was included—it 
gives more shielding per dollar than 
any other glass. 

4. And finally, we built the window 
and delivered it ready to install. 


Conoco got all they wanted... 
and then some. They had a window 
that was clear as crystal, that gave 
them maximum protection, and that 
was, in addition, resistant to radiation 
darkening and was _ self-recovering. 
And, Corning’s skill with glass has 
developed a permanent glass that poses 
no periodic renewing or replacement 
problems. 

To find out more write for a copy 
of Corning Bulletin PE-51, “Corning 
Radiation Shielding Windows.” 


GLASS WORKS 


16 Crystal Street, Corning, N.Y. 
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NEUTRON RaD-Be + Po-Be - Ra-Be « Ac-Be 


GAMMA Ra» Co® + Cs134 - Cs137- 


U. S. Radium offers a wide range of beta, gamma and neutron 
sources to specified configurations, intensities and energies. Neutron 
sources, either calibrated or uncalibrated, are available encapsulated 
in either stainless steel or Monel, for magnetic or mechanical handling. 


For additional information, write Department F 2 


UNITED STATES RADIUM CORPORATION 


J. Offices: Chicago, Illinois and North Hollywood, Calif. Subsidiaries: Radelin Ltd., 
so atai inate Toronto, Canada and United States Radium Corp. (Europe), Geneva, Switzerland 
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This article starts on page 112 


title of 16-p. catalog.—Norton Co., 
| Worcester 6, Mass. 


| Permanent magnet is described in data 
| sheet.—Schlumberger Well Surveying 
| Corp., Ridgefield, Conn. 


Radioactive gases are listed in catalog. 
—The Matheson Co., Inc., P. O. Box 
| 85, East Rutherford, N. J. 


| 
| Indian Point nuclear power plant is dis- 
cussed in 16-p. paper prepared for 1958 
Geneva Conference.—Consolidated 
Edison Co. of New York, Inc., 4 Irving 
| Pl., New York 3, N. Y. 





, 

|Condenser-tube welding techniques 
|are depicted in 9-min film (16 mm).— 
| Allis-Chalmers Manufacturing Co., 


Milwaukee 1, Wisc. 


| Vibrating-reed modulator, low drift, 
lis described in 4-p. Catalog 523.— 
Stevens-Arnold, Inc., 7 Elkins St., 
South Boston 27, Mass. 


| 
| 


| ‘Instrument News’’ is external house 
organ published periodically to further 
research, material analysis and produc- 
| tion through electro-optical instrumen- 
tation.—The Perkin-Elmer Corp., Nor- 
walk, Conn. 
|Beryllium-laboratory design is dis- 
cussed in vol. 29, No. 469 of ‘‘Gazette.” 
—Metropolitan-Vickers Electrical Co., 
|Ltd., Trafford Park, Manchester 17, 
| England. 
| Anion-exchange resin, liquid amine, 
|nature and properties are discussed in 
17-p. booklet—Rohn & Haas Co., 
| Washington Sq., Philadelphia 5, Pa. 
| (also: Rohm & Haas Co. of Canada, 
Ltd., 2 Manse Rd., West Hill, Ontario). 
| Air-gage tracer lathe, remote con- 
| trolled, designed for contouring radio- 
|active materials is presented in 36-p. 
| Booklet 2609.—The Monarch Machine 
| Tool Co., Sidney, Ohio. 


Ultrasonic equipment is described in 
4-p. short-form catalog—The Narda 
Ultrasonics Corp., 625 Main St., West- 
bury, N. Y. 


Laboratory equipment is featured in 
“‘Apparatus Review,” published peri- 
| odically.—Arthur 8. LaPine & Co., 
16001 S. Knox Ave., Chicago 29, Ill. 
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Laboratory apparatus and chemicals 
are listed in ‘‘ What’s New for the Lab- 
oratory,”’ published periodically.— 
Scientific Glass Apparatus Co., Inc., 
100 Lakewood Terrace, Bloomfield, 
N. J. 


Moisture determination in silica gel is 
detailed in 2-p. Report 4.58.—Schlum- 
berger Well Surveying Corp., Ridge- 
field, Conn. 


Rare metals, oxides and alloys are 
listed in three data sheets.—Shieldalloy 
Corp. Div., Metallurg, Inc., Newfield, 
N. J. 


Pipe and tubing of rare and reactive 
metals are covered in 44-p. pamphlet. 
—Damascus Tube Co., Greenville, Pa. 


Neutron activation analysis technique 
is discussed in Bulletin 94.—Tracerlab, 
Inc., 1601 Trapelo Rd., Waltham 54, 


Mass. 


Radio-pharmaceuticals are given 18-p. 
price list.—Abbott Laboratories, 14th 
& Sheridan Rd., North Chicago, Ill. 


Concrete-cutting lance is described in 
4-p. folder—Linde Co. Div., Union 
Carbide Corp., 30 E. 42nd St., New 
York 17, N. Y. 


Carbon-14 labeled compounds are 
given price list.—Research Specialties 
Co., 2005 Hopkins St., Berkeley 7, 
Calif. 


Scaler, self-monitoring, is described in 
2-p. Bulletin DS-1H.—Nuclear Meas- 
urements Corp., 2460 N. Arlington 
Ave., Indianapolis 18, Ind. 


Plastic phosphor in new geometric 
forms is described in 2-p. Bulletin 16.— 
Nuclear Enterprises, Ltd., 1750 Pem- 
bina Hwy, Winnipeg 9, Canada. 


Photomultiplier literature, including 
graphs of spectral sensitivity of semi- 
transparent photocathodes, is avail- 
able.—EMI Electronics, Ltd., Ruislip, 
Middlesex, England (U. 8. distributors: 
H. L. Hoffman & Co., Inc., 35 Old 
Country Rd., Westbury, N. Y.) 


Engineering test loop is subject of 6-p. 
manual and 6 D-size drawings.—Nu- 
clear Products-ERCO Div., ACF In- 
dustries, Inc., Washington 11, D. C. 


Counting-rate meter is described in 
2-p. Bulletin N-30.—Nucleonic Corp. 
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VERSATILITY 


ONLY ONE 

OF MANY 
POSSIBLE 
COMBINATIONS 
USING 

PLUG-IN 
COMPONENTS 


for all Counting Systems 


SCALER-RATEMETER SERIES 


A laboratory unit that fulfills every basic 
counting requirement. Plug-in units of con- 
stantly advancing design offer rapid and 
easy variations. The versatility of this equip- 
ment prevents early obsolescence. 





ONE COMBINATION NOW : 








PULSE AMPLIFIER UNIT for basic gross counting 
applications. 
LINEAR AMPLIFIER UNIT including single channel pulse 


height analyzer for energy spectrum analysis and gross 
counting above pre-set energy levels. 


SCALER UNIT with 100kc decades and count capacity 
of 107. 


SCALER UNIT with Imc first decade and count capacity 
of 107. 


RATEMETER UNIT with 8 linear ranges up to 600,000 
cpm; includes speaker for aural monitoring. 





CHOOSE 


OTHER UNITS LATER FOR 
ADDITIONAL APPLICATIONS 














WRITE FOR COMPLETE ENGINEERING SPECIFICATIONS 


r 


/ 


Fay clrerRrR — 


BS Ft ecrRONics 


CORPORATION 


2925 N. BROAD ST., PHILADELPHIA 32, PA. e BALDWIN 6-2300 


Cable Address: NUTRONIC Philadelphia 


Designers and Manufacturers of Laboratory Scalers © Ratemeters © Scintillation 
Spectrometers and Detectors @ Radiation Survey Meters, Monitors and Alarms @ 
Signal Generators @ Electronic Test and Measuring Equipment @ lonization Chambers 
@ Electronic Equipment for the Armed Forces 


Export Representatives: AD. AURIEMA, INC., New Yark 








TO A 
METALLURGIST'S 
ME TALLURGIST 


Copper — Bronze —!ron— Steel: The measure of our achievements are named 

by the metals and alloys your predecessors have given us. Now, metallurgy provides 
the very heart of the atomic age—the fuel. In this complex area there is the need 
for the kind of creative mind that derives satisfaction from seeing a project through 
from beginning to end, that can contribute to the solution of problems applied 

to industrial nuclear technology. If your thinking continues where others stop, 

then you will be interested in the Atomic Power Department of Westinghouse, where 
you create and follow through your experiments on metals and materials used 

in the fabrication of the reactor core and reactor. Here you will have the 
opportunity to use the Westinghouse Testing Reactor facility for evaluation studies 
and you will associate with the foremost men in the field of industrial nuclear 
science. At Westinghouse you have the type of environment that will broaden 
your own professional standing and horizons. 


Working at the Atomic Power Department will enable you to take advantage 

of what has been called the Renaissance City of America—Pittsburgh. Here the 
presence of the atomic age is strikingly evident by the number of world-renowned 
research centers devoted to nuclear science. In addition to all of this, 

you have the advantages of gracious suburban living. 

SENIOR METALLURGIST Minimum of three years in reactor field preferably 
in materials application or materials irradiation. To study the changes 
resulting from irradiation in the properties of reactor core materials 


METALLURGIST With at least one year in reactor core materials technology 
field. Materials development for fuel element prototypes. Testing and 
evaluation of fabrication methods for fuel elements. 


Send resumé to Mr. C. S. Southard, Westinghouse Atomic Power Dept., 


P.O. Box 355, Dept. W-7, Pittsburgh 30, Pa 


Westinghouse 


FiRSsST IN ATOMIC POW ER 


PRODUCTS & MATERIALS 


Department starts on page 112 


of America, 196 Degraw St., Brooklyn 
SR. Es 


Counting-rate meter is described in 
2-p. Bulletin CRM-11—Nuclear 
Measurement Corp., 2460 N. Arlington 
Ave., Indianapolis 18, Ind. 


Process chromatograph is discussed in 
7-p. Bulletin 1836B.—Consolidated 
Electrodynamics Corp., 300 N. Sierra 
Madre Villa, Pasadena, Calif. 


Air-filter paper is given price list. 
Gelman Instrument Co., Chelsea, 
Mich. 


Frequency-time standards are depicted 
in 4-p. brochure.—Ernst Norrman Lab- 
oratories, Williams Bay, Wisc. 


Zinc-bromide window, copper lined, is 
described in 2-p. data sheet.—Research 
Equipment Co., P. O. Box 127, Glen 
Ellyn, Ill. 


‘‘Streamlines’’ is title of external house 
organ published periodically.—Henry 
Pratt Co., Inc., 2222 S. Halsted St., 
Chicago 8, IIl. 


Nuclear safety service is offered in 
6-p. foldout.—Byrne Associates, Inc., 
50 Broadway, New York, N. Y. 
Nuclear engineering activities and 
services are depicted in 12-p. brochure. 

Stearns-Roger Mfg. Co., 660 Ban- 
nock St., Denver 17, Colo. 


Coordinate comparator is described 
Bulletin 181-58.—Gaertner 
Scientific Corp., 1201 Wrightwood 
Ave., Chicago 14, II. 


in 2-p. 


Research-laboratory facilities and 
achievements are depicted in 56-p. 
brochure.—Cook Electric Co., 2700 N. 
Southport Ave., Chicago 14, Il. 


Chromatography is subject of 4-p. 
bulletin. —Precision Scientific Co., 3737 
W. Cortland, Chicago, IIl. 


‘‘Metal Specifications and Practices 
in the United States” is title of 15-p. 
booklet.—WaiMet Alloys Co., 1999 
Guoin St., Detroit 7, Mich. 


Closed-circuit television is described 
in 6-p. Bulletin GEA-6833.—General 


| Electric Co., Schenectady 5, N. Y. 
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What do you ee 
Swagelok people | 
have that’s so good? 





Here’s what 
Swagelok has 


that’s so good! _ A pecahenie 


N CAAA mea 


5. QUICK ADAPTABILITY. Swagelok tube 
fittings come to you completely assembied, 
finger tight, ready for immediate use. Sim- 
ply slip the tubing into the Swagelok fitting, 
give the nut 1% turns, and the assembly 
is ready for assured, leakproof service 


4. CONSTRICTION-FREE. Because of the 
scientific distribution of the 3 leakproof 
contact points in the Swagelok design, 
there is practically no constriction of the 
inner tube wall, so that turbulence is 
negligible on heavy or thin wall tubing 


3. TORQUE-FREE. The positive 3- 
design enables fitting to firmly point sealing contacts in the Swage 
grasp tubing with two ferrules anda ok tube fitting attain top operating 
threaded chuck, assuring practical efficiency with only 1% turns of the 
distribution of contact forces and tightening unit. Absolutely no torque is 
maintaining vibration-free rigidity transmitted to the tubing in assembly 


1. LEAKPROOF SEAL. Pat- 2. VIBRATION-FREE. Swagelok 
ented Swagelok design as 
sures positive leakproof seals 
at 3 different contact points 
to hold extreme pressures 
and vacuums 


> onde 


TUBE 
FITTINGS 


In Swagelok tube fittings, there is nothing 
finer that man’s ingenuity and precision 
machinery can produce. 

Swagelok is the one name that stands apart 
from all the others in the field... outstanding 
and unique in concept, craftsmanship and 


leakproof performance in extreme service. 
Swagelok engineers are equipped with experi- 
ence, ability, and wide range of tube fitting 
designs to meet your individual problems. 
Quick delivery of Swagelok tube fittings from 
local distributor stocks. 


CRAWFORD FITTING COMPANY 
884 East 140th Street « Cleveland 10, Ohio 


Crawford Fittings (Canada) Ltd., Stamford, Ontario, Canada 





i CURRENT INDICATOR 
1 AND INTEGRATOR 


MODEL A309A 


u 
4 
i i 
i i 
£ i 
4 i 
i i 
! i 
i TWO Instruments in ONE! é 
i . Measures currents from 1 milliampere to 
; 3 milli-microamperes. } 
. Integrates input current and registers 
4 accumulated charge. q 
| Wide current range: 1 x 10-3 to 3 x i 
10-9 amp. in 12 switch settings. 
i High accuracy: 1% of full i 
I Internal calibrating current F] 
check proper operation 
| Front panel switch allows i 
i be used with current of either polarity } 
Pre-setting feature provide 
t safeguarding against overexposure. i 
i Developed especially for use with Van ff 
i de Graaff and other h.v. accelerators. r 
Permits many experiments with par- 
a ticle accelerators that would otherwise ff 
i be extremely difficult if not impossible. i 
Register readout gives digital accu- 
| racy on charge measurement. i 
i i 


cale 
source to 


instrument to 


means of 


te tech. data, write to: 


inc 


BROAD ST., FALLS CHURCH, VA 


ELECTRONIC RESEARCH « DEVELOPMENT © MANUFACTURING 





The following quality 
crystals are now available for 
immediate delivery: 


SODIUM IODIDE 

(thallium activated) 
SODIUM CHLORIDE (optical) 
POTASSIUM BROMIDE (optical) 
ANTHRACENE 


NEW IMPROVED ECONOMICAL 
PLASTIC PHOSPHOR 


AN EFFICIENT RUGGEDIZED 
ALPHA DETECTOR 


| Dept. N-29 


CRYSTALS, INC. 
123 Woodland Avenue 
Westwood, New Jersey 





INDUSTRY NOTES 


eVard, Inc., Pasadena, Calif., is 
negotiating with two other southern 
California firms to form a new company 
with estimated annual sales of $20- 
million. The merger would combine 
Vard with Royal Industries (and its 
subsidiary, Royal Jet) and Ideal- 
Aerosmith, Inc. 


eA substantial interest in Atkins & 
Merrill, Inc., South Sudbury, Mass., 
has been acquired by Roxbury Carpet 
Co., Saxonville, Mass. A & M makes 
models of nuclear reactors for testing 
and research. 


e Victoreen Instrument has acquired 
Tullamore Electronics, Chicago, via an 
exchange of stock. Tullamore 
velops and manufactures nucleonics 
instruments, including analyzers, spec- 
trometers and reactor controls. 


de- 


eVitro Manufacturing Co., Pitts- 


burgh, has resumed production of 
uranium-based colors for the ceramic 
industry (after an 18-year moratorium 
enforced by the government). AEC 
lifted the moratorium last June (NU, 


July ’58, 22). 


EXPANSIONS. Rolling mill 
ities of Brush Beryllium Co. will be 
expanded at a cost of $250,000. . 

The Riverton, Wyo., uranium mill of 
Fremont Minerals went into produc- 
tion during December (500 tons/day 
Uore). . . . High Voltage Engineering 
is adding a 20,000 sq ft addition to its 
plant in Burlington, Mass.; to be com- 
pleted in mid-year, the wing will be 
used in part for assembly of tandem 
Van de Graaff accelerators. . . . Gene 
French Co., Albuquerque, has estab- 
lished a nuclear division to service the 
five nuclear firms it represents in the 
area. ... Kaman Aircraft, Bloom- 
field, Conn., is building a lab-office 
complex in Colorado Springs, Colo., 


facil- 


for its nuclear research division, which 
is now at Albuquerque, N. M. 


NEW BUSINESS. The Air 
has given a $1.6-million contract to 
Lockheed Aircraft's plant 
for continuing work on nuclear-aircraft 
design. . . . Recent contracts in the 
Naval Reactor Program include: 1. 
$600,000 to Consolidated Controls 
Corp., Bethel, Conn., for design and 
manufacture of primary plant instru- 
mentation for the first destroyer; and 


Force 


Georgia 


| 2. General Electric’s small steam tur- 


bine dept. will supply four turbine- 


generator sets for the guided-missile 
frigate and two identical sets to the 
frigate’s prototype reactor, under con- 
struction at West Milton, N. Y.... 
Controls for Radiation, Cambridge, 
Mass., is developing a tactical per- 
sonnel dosimeter for the Army Chemical 
Corps; special automatic equipment is 
being designed to produce the dosim- 
eters inexpensively in large quantities, 
according to Con-Rad. . .. Nuclear 
Products-Erco div. of ACF Industries 
has taken on a major nonnuclear job 
for the Air -maintenance of 
electronic flight simulators at various 
bases under a $903,000 contract; the 
company is closing its Buffalo plant. 
. All of the isolated-phase bus and 
low-voltage switchgear for Consoli- 
dated Edison’s Indian Point, N. Y., 
reactor is being supplied by I-T-E Cir- 
cuit Breaker Co., Philadelphia. .. . 
Allis-Chalmers given Vard a 
$60,000 contract to supply regulating 
and safety-rod drives for a pool-type 
reactor—Vard’s first commercial con- 
tract for control-rod drives... . 
Philips Electronics, Mount Vernon, 
N. Y., has shipped its first four 100-kv 
X-ray spectrographs to GE, National 
Lead, Western Electric and Union 
Carbide Nuclear. . . . Nuclear Science 
and Engineering, Pittsburgh, is de- 
veloping a radioactive assay method to 
be used by the Army Quartermaster 
Corps in its food-irradiation program. 
. . . Catalytic Construction, Philadel- 
phia, is providing architect-engineering 
services for the cyclotron at Oak Ridge, 
which is to be completed by late 1960. 
. . The Electronic 
Associates, Brussels, has sold its third 
large analog computer—to the U. K. 
Atomic Energy Authority; the others 
went to Harwell and GE of England. 


F< yrce 


has 


European div., 


FINANCIAL. 
ings in 1958 have been reported by 
Baird-Atomic, Cambridge, Mass., and 
Technical Operations, Burlington 
Mass. For the fiscal year ended 
Sept. 30, Baird had sales of $6,744,800 
(against $6,642,800 a year earlier) and 
earnings of 53 cents per share (against 
8 cents in 1957); backlog was $2,350,- 
000, reflecting a 40% increase in re- 
search and development contracts. 
Technical Operations reported sales of 
$2,363,000 and earnings of $96,300, the 
latter up 47% from 1957. . . . Lithium 
Corp. of America has declared a stock 
dividend of 4% for 1958, payable to 
holders of record Nov. 3. 
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Record sales and earn- 





4 
df 


WHERE TO BUY 


Featuring additional products, 
specialties and services for 
Atomic Power, Nuclear Engi- 
neering and Applied Radiation. 


y 
‘ 





URINALYSIS SERVICE 


NSEC laboratories are staffed and equipped to 
perform routine and emergency urinalysis for: 
* Total uranium * Polonium 
° Enriched uranium ©° Fission products 
* Plutonium * Gross activities 
* Other radioactive isotopes 


Nuclear Seionce and Cngineening Comp. 


P.O. Box 10901, Pittsburgh 36, Penna. 








MAGNETITE and ILMENITE 


Quautity Hicu-Density S1zED AND 
GrapEep CONCRETE AGGREGATES FOR 
NucLEAR SHIELDING 


Nuclear Shielding Supplies & Service, Inc. 





175 Main St. White Plains, N. Y. 











THE MOST EXPERIENCED 
FILM BADGE SERVICE 


ST. JOHN X-RAY LABORATORY 
CALIFON, NEW JERSEY 
Established 1925 





SEARCHLIGHT 
SECTION 


(Classified Advertising) 
BUSINESS OPPORTUNITIES 
EQUIPMENT—USED or RESALE 
DISPIAYED RATE 
$19.25 per inch 

UNDISPLAYED RATE 
$2.10 a line. Minimum 3 lines. 

Not Available for Equipment Advertising) 
Send New Advertisements and Inquiries 
to Classified Advertising Division 
Nucleonics 


P.O. Box 12, N.Y. 36, N.Y. 





SPARE CAPACITY 
To Manufacture & Sell in Gt. Britain. 


Important Manufacturing Company in Gt. 
Britain building a new factory in Glasgow has 
spare capacity for manufacture of plate and 
tubular fabrications in Steel, Stainless Steel 
and other alloy steels, and also in Non-ferrous 
Metals and Light Alloys, for the Chemical & 
Nuclear Industries. It invites enquiries from 
patentees wishing to have their products manu- 
factured and sold under licence in Gt, Britain. 


Apply WW-9570 Nucleonics 
Class. Adv. Div., P. O. Box 12, N. Y. 36, N. Y. 





NUCLEAR CAMPUS 


*The roles of state and federal 
| government in protecting the public 
from radiation hazards will be the first 
|phase of an atomic energy research 
project taken on by the Univ. of 
|Michigan. Co-directors of the $160,- 
| 000 project are Lee Hydeman and Wil- 
‘liam Berman. The two will look into 

international health and safety aspects 
| of the atom or third-party liability after 

the federal-state phase is completed. 


Washington State College is ‘in- 
| stalling a liquid-metal heat transfer 
unit in the chemical engineering dept. 
for the study of heat extraction for 
nuclear reactors; it will use NaK. 





| 
| 


| ®Purdue Univ.'s Duncan Labora- 


tory of Nuclear Engineering has pur- | 
chased a graphite exponential experi- | 
mental facility from Cook Electric Co. | 


*Rensselaer Polytechnic has in-| 
stalled three vacuum-melting furnaces | 
(with extensive control facilities) in the | 


dept. of metallurgy; a forging press of | 


200 tons maximum force will round | 
out a lab complex for melting and | 


zirconium and 
interest. 


fabricating uranium, 
lother metals of nuclear 
|The equipment 
|with the help of grants of $54,000 
| from AEC and $8,500 from Consoli- 
gg Electrodynamics. 


Courses 


Theory and design of nuclear power 
| reactors is being offered by Columbia 
Univ., beginning Feb. 4. Advanced 


nuclear reactor theory will be offered | [F 


in the fall. 


The 1959 curriculum at Oak Ridge | 
Institute of Nuclear Studies includes | 


basic techniques of radioisotopes use 


(for four weeks 


weeks beginning Feb. 9 and Apr. 
6) and a special summer institute 
for secondary-school science teachers 
(June 29-July 4). Further radio- 
isotope courses will scheduled 
as needed. 

The ORINS Medical Division is offer- 
ing seven courses during 1959. 


be 


'and nuclear physics is being offered 
| by the Univ. of California, Berkeley, in 
conjunction with the television series 
“Continental Classroom” (National 
Broadcasting Co.), beginning Feb. 11. 
Contact dept. of correspondence in- 





struction, Univ. Extension, Berkeley 4. 
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is being purchased | 


| 
| 





beginning Jan. 5, 
April 17, May 25, July 27 and Aug. 24), | 


industrial uses of isotopes (for six| ry 


A correspondence course in atomic | 





* 
of our 


staff, is shown with a section of a 


“Noreen Mcllearney, 
26” x 26” well type unit of plas- 
tic phosphor NE102. 


Whether you require a 26” di- 
type 


1 mm filament, our plastic phos- 


ameter well detector or a 
phor NE102 is sufficiently versa- 


tile for your needs, 


Now available with 
powder 
the 
MgO powder but form an adher- 
ent coating without employing a 
binder. 
about 


compacted 
reflectors which produce 


light collection efficiency of 


resinous Why not write 


to us your requirements? 


Our products include: 


NE102_ in 
slabs 


Plastic Phosphor 
rods, 


sheets, 


and 
capil- 


filaments, 
filaments and 


lary form. 


Special Capillary Flow Coun- 
ter NE5O1 for alpha and beta 
detection in 


aqueous _ solu- 


tions. 

Boron Polyester thermal nev- 
tron detectors, NE400 and 
NE401 and 402 with enriched 
B'°. 

Fast Neutron Detector NE404. 
loaded Liquid  Scintillators 
containing Pb, Cd, B, Gd, Sm, 
Nd and Scintillating Gels. 
Scintillation Chemicals. 


NUCLEA 
ENTERPRIS 


1750 Pea 
Assos ior 


5 ok 








RAWSON-LUSH 
Rotating Coil 
GAUSSMETER 


Tiny coil (approx, 3 mm diameter) rototes in 
the field to be measured. The voltage gen- 
erated is rectified in a synchronous rectifier 
and used to deflect a Rawson high sensitivity 
voltmeter with scale calibrated in kilogausses 


Features 

(1) Simple operating principles, 
use and maintain. 

(2) Compact and portable, just 
and the long probe unit. 

(3) Ranges 0.4 — 1.2 — 4 — 12 — 40 — 
120 kilogausses, al! in one instrument 

(4) Practically point measurement of mag- 
netic field 

(5) Can be inserted in any gop larger than 
3” and will reach center of 37” di- 
ameter gap. Coil protected by station- 
ary outer tubing. 

(6) Measures direction of field as well as 
intensity. 

(7) Guaranteed 
better. 

(8) Low Price $395.00 complete with meter. 


RAWSON ELECTRICAL 


INSTRUMENT COMPANY 
114 Potter St. Cambridge, Mass. 


simple to 


one meter 


accuracy 1 per cent or 
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PROFESSIONAL 
SERVICES 





ASTRA, Inc. 

For Your Atomic Energy Problems 
Nuclear Analyses. Reactor Specifications and 

ans, Radiation Shielding Design and Anal- 
ysis, Criticality Hazards Studies, Thermody- 
namics and Heat Transfer Facilities 
Planning, Health Physics. 
P. O. Box 226 
VAnce 8-4386 


Analysis, 


Raleigh, North Carolina 
CABLE: ‘‘ASTRA" 








FRANKLIN ENGINEERING 


Physicists, Engineers 
Plans, specifications, investigations, reports 
Consultants in design of research 
facilities and special equipment 
Power distribution, Control, High Voltage 
Emergency power, Nuclear shielding 
977 Commercial Street Palo Alto, California 
Phone Davenport 1-4114 








INTERNUCLEAR COMPANY 


Nuclear consultants, engineers, and designers 


Economics of Nuclear Power, Reactor Analysis 
and Design, Shielding, Special Applications 


Clayton 5 


Missouri 








WHEN TIME 

1S SHORT 
put the solution of your problems up to 
a specialized Consultant. His broad ex- 
perience may save you months of costly 





experimentation. 
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NEWSMAKERS 





listed in December 


as having joined the 


Three scientists 
‘‘ Newsmakers”’ 
research staff of General Atomic’s John 
Jay Hopkins Laboratory (NU, Dec. ’58, 
97), are on leaves of absence from their 
respective affiliations. They are: Free- 
man J. Dyson, Institute for Advanced 
Study, Princeton; Robert R. Wilson, 
Cornell; and David H. Gurinsky, 


Brookhaven National Laboratory. 


A New York City attorney active in 
nuclear affairs, Oscar Ruebhausen, is 
acting as nuclear advisor to 
Nelson Rockefeller. 


a behind-the-scenes adviser to Rocke- 


Gov. 
Ruebhausen was 


feller during his campaign. 


R. Clyde Gerber, ' a senior engineer 
at Atomics International, 
named chief project 
engineer for the 
Hallam reactor to 
be built by AI for 
Consumers Public 
Power District, Ne- 
braska. He — suc- 
Robert L. 


who 


has been 


ceeds 
Olson, 


moved to a post in 


has 


Gerber 


the general offices 


“== of AI’s parent firm, North American 


Na- 


energy 


A ten-year veteran of Argonne 
Laboratory’s 
program, Roy Ringo, 


has been appointed 


tional atomic 


associate director of 
the div. 
Ringo the 
division in 1948 as 


physics 
joined 


an associate physi- 
cist, became a senior 
1957 
and, in his new post, 
wil] direct the divi- 


physicist in 


Ringo 
sion’s work in experimental physics. 
He has specialized in experimental 
neutron physics. 


Col. John H. Rust has been named by 
Massachusetts Institute of Technology 
to direct an AEC-sponsored program to 
develop new and extended uses for 
Rust retired 
Dec. 1 as chief, veterinary pathology 
Armed Institute of 
Pathology. 


radioisotopes in food. 


section, Forces 


Nelson J. Donahue has been promoted 
to chief of the reactor materials branch, 
technical and production div., AEC’s 


Savannah River plant. He succeeds 
Paul J. Hagelson, deputy director of 
the division (NU, Jan. ’58, 114). 


Major personnel changes have been 
announced by Oak Ridge National Lab- 
oratory: Walter H. 
Jordan has moved 
up from director of 
the reactor projects 
division to assistant 
director of the Lab- 
oratory under 
Alvin M. Wein- 
Jordan has 


berg; 


been succeeded as 


reactor projects Jordan 
chief by Robert A. Charpie, also an 
assistant director; A. H. Snell, another 

; assistant director, 
has been named di- 
rector of the ORNL 
Sherwood Project 
(marking formal es- 
tablishment of an 
ORNL program to 
control the fusion 
reaction); P. R. Bell 
has been named co- 
director of ORNL’s 
thermonuclear experimental division; 
and E, D. Shipley continues as a director 
of the 
Jordan 


Charpie 


division. 
will have 
four divisions and 
a panel reporting to 
him: the education, 
neutron physics, 
health physics, in- 
strumentation and 
controls divisions 
and the 
matics panel. Snell 


Charpie served as coordinator of the 


mathe- 


U. S. fusion exhibit at Geneva in 


September. 


W. Kenneth Davis, former director of 
AEC’s reactor development div., was 
awarded the 1958 Professional Progress 
Award of the American Institute of 
Chemical Engineers at its December 
meeting in Cincinnati. The Institute’s 
nuclear engineering div. elected a new 
slate of 1959: John W. 
Clegg (chairman), Battelle Institute; 
Walton A. Rodger (vice chairman), 
Argonne National Laboratory; 
Charles E. Dryden (secretary-treas- 
urer), Ohio State Univ. O. L. Dwyer, 
Brookhaven National Laboratories, 
was elected to a three-year term on the 


officers for 


and 


executive committee. 
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NUCLEAR CALENDAR 


Feb. 25-26—Midwestern Symposium on 
Industrial Uses of Radioisotopes, 
Kansas State College, Manhattan. 
Sponsored by the college and AEC. 
Contact John Kitchens, Dept. of 
Continuing Education, KSC. 


March 8-11—Gas Turbine Power Con- 
ference and Exhibit, American Society 
of Mechanical Engineers, Cincinnati 

Vetherlands-Hilton). Contact 
ASME, 29 W. 39th St., New York 18. 


March 14-15—Fourth Annual Meeting 
of Southwestern Society of Nuclear 
Medicine, New Orleans (Roosevelt). 
Contact Samuel B. Nadler, 1520 
Louisiana Ave., New Orleans 15. 


March 16-20—l1Ith Western Metal 
Congress and Exposition of American 
Society for Metals, Los Angeles 

{mbassador Hotel, Pan-Pacific Audi- 

Technical session on non- 

destructive testing. Contact ASM, 

7301 Euclid Ave., Cleveland 3, Ohio. 


March 17-18—Conference on Air and 

Water Pollution Abatement, spon- 
by Manufacturing Chemists’ 
Assn., Cincinnati (Netherlands Hilton). 
Contact MCA, 1625 Eye St., N.W., 
Washington 6, D. C. 


March 17-19—15th Annual Conference 
of National Assn. of Corrosion Engi- 
neers, Chicago (Sherman). Contact 
NACE, 1061 M & M Bldg., Houston 


3, Tex. 


fortum). 


sored 


March 23-26—National Convention of 
Institute of Radio Engineers, New 
York (Waldorf-Astoria Hotel, New 
York Coliseum). Contact IRE, 1 E. 
79th St., New York 21. 


Mar. 31—Apr. 1-2—21st American Power 
Conference, Chicago (Sherman). 
Contact R. A. Budenholzer, Mechani- 
cal Engineering Dept., Illinois Insti- 
tute of Technology, 3300 Federal St., 
Chicago 16. 


March 31—Apr. 2—Symposium on milli- 
meter waves, sponsored by the De- 
fense Dept.’s research agencies and 
the Institute of Radio Engineers, New 
York City (Engineering Societies 
Bidg.). Contact Jerome Fox, Brook- 
lyn Polytechnic Institute, 55 John- 
son St., Brooklyn. 


April 5-10—5th Nuclear Congress and 
Atom Fair, Cleveland (Public Audi- 
torium). Contact T. A. Marshall, 
Jr., Engineers Joint Council, 29 W. 
39th St., New York 18. 


Apr. 5-10—American Chemical Society’s 
135th national meeting, Boston (sev- 
eral hotels). Contact Otto H. York, 
Otto H. York Co., West Orange, N. J. 


Apr. 16-30—Engineering, Marine, Weld- 
ing and Nuclear Energy Exhibition, 
London (Olympia London). Empha- 
sis on nuclear power. Contact F. W. 
Bridges & Sons, Ltd., Grand Build- 
ings, Trafalgar Square, London W.C.2. 


May 6-8—1959 Electronic Components 
Conference, sponsored by Institute of 
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Radio Engineers, American Institute 
of Electrical Engineers, Electronic In- 
dustries Assoc. and West Coast Elec- 
tronic Manufacturers Assoc., Phila- 
delphia (Benjamin Franklin). Papers 
on instrumentation and control de- 
vices and radiation effects. Contact 
Bernard Osbahr, Electronic Indus- 


tries, Chestnut & 56th Sts., Phila-| 


delphia 39. 


May 30-June 5—5th World Petroleum 


Congress and Symposium on Applica- | 


tions of Atomic Energy to the Petro- 
leum Industry, sponsored by the 
Permanent Council of the World 
Petroleum Congress, New York City. 
Contact C. E. Davis, gen. secy., 5th 
WPC, 527 Madison Ave., New York 
22. 


June 8-11—American Rocket 
semiannual meeting, San Diego. 
sion on nuclear propulsion. Contact 
Stan Gunn, Rocketdyne, 6633 Canoga 
Park Ave., Canoga Park, Calif. 


Society 


June 14—-18—Semiannual meeting Ameri- 
can Society of Mechanical Engineers, 
St. Louis (Chase-Park Plaza Hotels). 


15-17—Annual meeting of 
American Nuclear Society, Gatlin- 
burg, Tenn. Contact Octave J. Du- 
Temple, John Crerar Library, 86 E. 
Randolph St., Chicago 1. 


June 


June 18-20—Fourth Annual Meeting of 
Health Physics Society, Gatlinburg, 
Tenn. Contact G. T. Saunders, 
Kewaunee Mfg. Co., Adrian, Mich. 


June 18-20—Society of Nuclear Medi- 
cine, Chicago (Palmer House). 
2nd Nuclear Instrumenta- 


June 24-26 


tion Symposium, Idaho Falls, Idaho. | 


Contact H. 8. Kindler, Instrument 
Society of America, 313 Sixth Ave., 
Pittsburgh 22, Pa. 


July 23-30—%th International Congress 
of Radiology, Munich, Germany. 
Contact Sekretariat des 9, Inter- 
nationalen Kongresses fur Radiologie, 
Reitmorstrasse 29, Munich 22. 


Sept. 21-25—International Conference 
on High Energy Accelerators and 
Their Instrumentation. Contact 
CERN Conference Secretariat, Ge- 
neva 23, Switz. 


Sept. 28-Oct. 1—National Power Con- 
ference, by American 
Society of Mechanical Engineers and 
American Institute of Electrical Engi- 
neers, Kansas City (Muehlebach). 
Contact ASME or AIEE, 33 W. 39th 
Re Th. Rug aes ee 


cosponsored 


Nov. 4-6—National Automatic Control 
Conference, sponsored by Institute 
of Radio Engineers, Dallas (Sheraton). 
Also participating: American Institute 
of Electrical Engineers and Instru- 
ment Society of America. Contact 
G. 8. Axelby, Westinghouse, Box 746, 
Baltimore 3, Md. 


Ses- 


the | 


EMPLOYMENT OPPORTUNITIES 


Opportunities 


in Advanced 
Nuclear Development at 


The Knolls 


Atomic Power 
Laboratory 


Inquiries are invited from 
engineers and scientists ready to 
step up to positions offering 
demonstrated potential for long 
term growth and achievement. 


An appropriate degree plus at 
least one year of related experience 
required for these openings: 


METALLURGISTS 


Welding Process Development 

Process Development, Reactor 
Fabrication 

Statistical Design of Experiments 

Irradiation Experiments’ 

Non-destructive Test 

Materials Application, Power 
Plant Components 


PHYSICISTS 


Experimental and Theoretical 
Reactor Physics* 

Reactor Core Instrumentation 

Electronic Equipment Development 

Radiological Physics Instrument 
Development 


MATHEMATICIANS 


Numerical Analysis* 
Applied Mathematics* 
Mathematical Analysis and 
Computer Programming 
Computer Operations 


MECHANICAL ENGINEERS 


Nuclear Power Plant Systems 
Design and Analysis 

Reactor Core Design 

Shield Design 


(*) Advanced positions in these 
areas also open, require Ph.D. 
(U.S. Citizenship Required) 

To expedite your inquiry, forward 
your complete resume, including 
salary requirement. Please also in- 
clude the kind of work you are 
most interested in pursuing at 
KAPL. Address, Mr. A. J. Scipione, 
Dept. 44-MBA 


Knolls Aimmic: Power Laboratory 
GENERAL G7 ELECTRIC 


Schenectady, New York 
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DISPLAYED 


os 7 3 The advertising rate is $21.83 a 
NATIONAL ; / inch for all advertising appearing 


on other than a contract basis. 
An advertising inch is measured 


COVERAGE / 4" wane os R, column—$ 


columns—30 inches to a page. 
Subject to Agency Commission 


EMPLOYMENT OPPORTUNITIES 
TES— 


UNDISPLAYED 
$2.10 per line, minimum 3 lines. 
Box Numbers—counts as | line. 
Discount of 10% if full payment is 
made in advance for 4 consecutive 
insertions. 

aa subject to Agency Commis- 


Send NEW ADS to Class. Adv. of a P. ©. Box 36, N. Y. 36 








-PHYSICISTS 


THEORETICAL PHYSICIST to 
evaluate radiation effects on com- 
plex electronic airborne systems 
and components and perform 
theoretical experiments in nuclear 
physics, cosmic radiation, astro- 
physics, magnetic phenomena, 
tropospheric properties. Goa! of 
assignment: To further under- 
standing of basic physical environ 
ment encountered by advanced 
weapons systems. Must have ad- 
vanced degree in Physics and three 
years’ experience in nuclear radi- 
ation physics. Knowledge of re- 
actor testing techniques essential. 


GENERAL NUCLEAR ENGINEERING CORPORATION 


has important contracts for 
the design and development of Gas Cooled Reactors and Boiling Water 
Reactors and has an immediate need for 


* Reactor Physicists 

* Mechanical Engineers 

* Reactor Instrumentation Engineers 
* Reactor Metallurgists 

* Technical Report Writers 


Applicants must have engineering or scientific degrees and a minimum 
of two years experience in nuclear energy. Salaries will be commensurate 
with ability, training, and experience. 


Send resumes to 
L. C. Furney 


General Nuclear Engineering Corporation 
Dunedin, Florida 

704 PROGRAMMER ANALYST to 
study data flow diagrams and 
write the differential equations of 
a circuit diagram. Should be fa- 
miliar with transforms, numerical 
analysis, nuclear shielding tech- 
niques, and construction of a 
mathematical model of a nuclear 
reactor. Assignment entails: in- 
vestigiuting analog and digital 
real-time control systems using 
high-speed electronic digital and 

or analog computer; shielding of 
components from nuclear radia- 
tion. Must have M.S. in Physics 
and at least two years’ experience 
in control systems analysis and 

or nuclear shielding techniques. 
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ALCO PRODUCTS HAS OPPORTUNITIES 
E N G | N E E RS IN ITS ATOMIC ENERGY DEPARTMENT 
=e REACTOR ANALYSIS SECTION 


REACTOR | This stern: o fesponsitle tor econ, 
PHYSICISTS 


thermal, kinetic, and shielding analyses of 
APPR-1, APPR-1A, and other military and 
commercial reactors. 


Send detailed resume with salary requirements to: 
Director, Administrative Services 


ALCO PRODUCTS, INC. 


SCHENECTADY 5, NEW YORK 




















Positions Wanted 


ADVANTAGES OF IBM 


A recognized leader in the elec- 
tronic systems field . . . products 


Nuclear Instrument 


Design Engineer:— Nuclear Engineer. M.S.E. (1951), ORSORT 
(1952). Tau Beta Pi, Sigma Xi. OF years | broad 
. : ‘ . experience in nuclear technology. mphasis on 
used for both military and com- rena Ra olga Ra we tr preliminary studies of new reactor yy a 
; epee ues, scence an ’ specialized nuclear applications, including nuclear 
mercial work . . . advancement scintillation and geiger counting, low and heat transfer, and thermodynamic analysis. Ad- 
on merit . . . company-paid re- high level counting instrumentation. Salary ministrative eo ag aaame project direction, 
ocati open (our employees know of this ad). planning, scheduling eks responsible s or 
location expenses . . . liberal . f technical administrative position. PW-9603, Nu- 
company benefits...salary com Replies Held in Confidence cleonics. Class. Adv. Div., P.O. Box 12, N.Y. 
mensurate with ability and ex- 36, N.Y. 


; Write: H. C. Quick ies - 
perience. 


Nuclear Corporation of America Unique position in industry uiring 

business leadership, organization and research abil- 

2 Richwood Place, Denville, New Jersey ity, imagination, background emphasizing chemis- 

try, pharmacology, biophysics and isoto _~ train- 

Oakwood 7-4200 ing; writing and teaching interests. Physician, 

board certified radiologist 1953, Oak Ridge experi- 

Mr. P. E. Strohm ence, married, under 35, presently head of hos- 

Principle Engineer pital x-ray department, desires return to more 

Dept. 6238 Salary: o15.000 _ Per Year fundamental problems, prefer E or MW. PW- 
IBM Corp. 


WRITE, outlining your qualifica- 
tions and experience, to: 








Manage Military Airborne Communications, Re- | 96/4, peronie Class. Adv. Div., P.O. Box 
Owego, New York 


search And Development. Will Supervise A 12, N.Y 


. INTERNATIONAL BUSINESS MACHINES CORPORATION 


Group Of 30 People On Digital Communications 
Project. Ability To e Presentations, Direct 
Proposal Activities And Customer Relations. 
Company Client Assumes All Employment 


Expenses. 
MONARCH PERSONNEL 
28 E. JACKSON, CHICAGO 4, ILLINOIS 











REPRESENTATIVES WANTED 
Area representatives and foreign agencies with 
nuclear instrumentation sales experience 
wanted by esta blished manufacturer of nuclear 
A must have background 
in nucleonics, Send full details to 
Nucleonic Corp. of America 
196 Degraw St., Brooklyn 31, New York 
All information kept confidential 











Mechanical Engineer 8 years nuclear design ex- 
perience with power and research reactors and 
recently completed lengthy successful overseas re- 
actor assignment desires responsible overseas or 
stateside position. Total of 15 years mechanical 
background. PW-9607, Nuc eegies. Class. Adv. 
Div., P.O. Box 12, N.Y. 36, N.Y. 


Selling Opportunity Wanted 


Ma snufacturers Agents covering West, want lines. 
Nuclear Instruments, radio active chemicals, Send 
all details first communication. Our office your 
office on the coast. Calatomics, 1085 No. Oxford 
Ave. » Los Angeles 29, California. 
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KAPL Physicist Rudolf & 
Slovacek working with Lat 
oratory-Developed Time.of 
Flight Analyzer. The grapn 
aT Malel lela) a0 talel Malle hagel 
be] lenge Mest i a's -t-Mmeleh@- ilar-te| 
from data provided by the 
new Analyzer. This com 
pact instrument fits into 
one 10-inch chassis 


ee 


al The Knolls Atomic Power Laboratory...in Spectra Phystcs 


THE FIRST ALL-TRANSISTORIZED Time-of- 
Flight Analyzer has been developed at 
KAPL to aid scientists in determining neu- 
tron energy distributions in a reactor core. 


Accomplishing in an hour what required 
more than a month with previous equip- 
ment, the new Analyzer measures steady- 
state energy distributions in the range 
from 0.01 to 5.0 electron volts. Each of the 
Analyzer’s 256 channels can store 65,536 
counts ; each is adjustable in width from 10 
to 80 microseconds. The data that are stored 
in the memory can be printed on cards 
which are used in a digital computer in cal- 
culating the neutron spectra. 


Advances such as the Time-of-Flight Ana- 
lyzer are consistently being made at KAPL, 
in every technology related to pioneering 


Knolls Alomic Power Labordlory 
GENERAL @@ ELECTRIC 


work in nuclear propulsion for marine ap- 
plications. Hundreds of KAPL scientists 
and engineers like Rudy Slovacek are con- 
tributing new research findings and tech- 
niques in Reactor Physics, Metallurgy, 
Ceramics, Mechanical Design, and other 
fields. Projects benefiting from such mile- 
stones include KAPL’s twin Pressurized- 
Water Reactors for the Submarine Triton 
and a power plant for the world’s first atom- 
ic powered destroyer. 


PROFESSIONAL OPPORTUNITIES 

... exist today for talented physicists, engi- 
neers and metallurgists who are interested 
in contributing to this development. U.S. 
citizenship required; advanced degree or 
related experience preferred. Send complete 
resume and salary requirement to: 

Mr. A. J. Scipione, Dept. 44-MB. 


OPERATED FOR A.E.C. BY 


Schenectady, New York 


Rudolf E. Slovacek is one of a 
number of KAPL scientists con- 
cerned with reactor physics. 
He earned a BSEE at Union 
College in 1945, joined KAPL 
in 1951 after taking his MS in 
Physics at Indiana University. 
Since then he has contributed 
to several KAPL projects. 





EMPLOYMENT OPPORTUNITIES 


ENGINEERS 


and 
PHYSICISTS 


GRUMMAN AIRCRAFT is rapidly expanding its research and development capabilities to par- 
ticipate in the advancement of Nuclear Engineering and Nuclear Physics. Responsible positions 
are now available requiring initiative and imagination to carry out individual studies and par- 
ticipate in group efforts on studies of nuclear propulsion system conceptual design, nuclearly 


propelled vehicle preliminary design and space vehicle power. 


REACTOR AND SHIELDING ANALYSIS 
REACTOR SHIELDING ENGINEER OR PHYSICIST 


M.S. degree with a minimum of three years’ experience in radiation attenuation and reactor 
shield design, preferably aircraft type. Duties include shielding optimization studies, con- 


ceptual shield design for aircraft and research in shielding methods and materials. Experience 


with both Moments and Monte Carlo Methods, and use of digital computers is desired. Duties 


require supervision of all analytical and experimental aspects of manned and unmanned nuclear 


systems. 


REACTOR PHYSICIST 


M.S. degree and a minimum of three years’ experience in reactor core physics and analysis, 
including programming methods for machine computers, to be responsible for the physics portion 


of studies of nuclear propulsion systems. 


SENIOR NUCLEAR PHYSICISTS 
M.S. or Ph.D. degree with a minimum of five years’ experience, preferably including reactor 
physics, to supervise theoretical and experimental research in nuclear physics, including activa- 


tion, radiation effects, shielding, and cosmic ray effects on space vehicles. 


ADVANCED STUDY 


GUIDANCE AND COMMUNICATIONS SYSTEMS ENGINEER 
M.S. in EE or B.S. with equivalent experience. Minimum of 5 years’ experience in over-all 
system conception, analysis and evaluation. System studies will involve work in guidance, 
reconnaissance, ECM and communications. These systems will be vital to the operation and 


use of nuclear or conventionally propelled vehicles of all types, including those for land, water, 
air and space travel. 
For imme- 


U.S. Citizenship required. Salary in accordance with background and experience. 


diate interview, send your resume to Mr. A. Wilder, Engineering Personnel Director, Dept. GR 24 


GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage ° Long Island * New York 








SALES ENGINEERS 
Excellent opportunities in growth 
industry for high caliber men with 
degree in MECHANICAL or MET- 
ALLURGICAL ENGINEERING. 
These openings include positions in 
the following fields: 

1. Nuclear Materials 

2. Aircraft or Missiles 

(Possible West Coast 
ment 

. Government Agencies 

Sales Correspondents 
Experience in lieu of degree 
acceptable ‘ 


Assign- 


Ability to handle complex technical 
sales relationships of prime impor- 
tance. 

These are 
well-established 
pany that has for many years been 
engaged in the vital Atomic Energy 
Commission Program. 
Qualified men can expect excellent 
salaries in return for the knowledge, 
experience and potential they bring 


permanent openings in a 


progressive com- 


us. 
Please submit in confidence, your 
resume of background and experi- 
ence to: 


Mr. J. N. Meyers 


PERSONNEL OFFICE 
THE BRUSH BERYLLIUM COMPANY 


4301 PERKINS AVENUE 
Cleveland 3, Ohio 








NUCLEONIC 
SYSTEMS 


Stromberg-Carlson, the 


elec- 
tronics arm of General Dy- 
namics, has immediate openings 
for several engineers with a de- 
gree in Electrical Engineering 
or Physics and experience in the 
development of system philoso- 
phy in nuclear reactor instru- 
mentation. 

The work includes the applica- 
tion of solid state devices to 
nuclear instrumentation and 
control with emphasis on moni- 
toring, safety, and neutron 
measurement. 

Important contracts are in the 
area of nuclear submarine pro- 
pulsion and commercial atomic 
power. 

For additional information, 
please address your inquiry, 
with an indication of your back- 
ground, to Mr. Fred E. Lee. 


GENERAL DYNAMICS 


STROMBERG-CARLSON 
DIVISION 


1415 N. Goodman St. 
Rochester 3, New York 
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MEASURING MEDIUM 
VELOCITY NEUTRONS 


Designed for acquiring data in the energy region of one-thousand to a 
million-volt neutrons—a region exceedingly difficult to measure—these 
neutron detectors have been used for studies of both practical and 
theoretical interest. By determining how many neutrons scatter in 
what directions, they impart valuable information on the interaction 
between neutron and nucleus, and on the nucleus itself—and help us 
predict how a reactor will behave, and how effective its shielding will 
be. A large fraction (20%) of the scattered neutrons that enter the 
detectors are measured by neutron counters after they have been slowed 
down by oil. The massive construction is required to shield against 
stray neutrons. It is so effective that there are almost no background 
counts except for the ones produced by neutrons that are scat- 
tered by the air in the region within one foot of the scattering sample. 


Angonne 


NATIONAL LABORATORY 


Operated by the University of Chicago under a 
contract with the United States Atomic Energy Commission 






































Staff positions 
available for qualified 
Mathematicians 
Physicists 

Chemists 

Physical Metallurgists 
Chemical Engineers 
Mechanical Engineers 
Metallurgical Engineers 
Electrical Engineers 
Technical Writers 


Professional 
Personnel Office 
P.O. Box 299-J3 
Lemont, Illinois 








Protect 
Reactor 
Facilities 
Against 


CONTAMINATION 








CARBOLINE 
PROTECTIVE COATINGS 


for Reactor Pools, Shields, 
Domes, Floors, etc. 


3 Systems Fit All Your Needs: 


CS-AEC-600 SYSTEM 

FOR REACTOR POOLS 

A durable modified phenolic lining ma- 
terial, highly resistant to demineralized 
water penetration, and to degradation 
by radiation, 


PHENOLINE 305 SYSTEM FOR 
WALLS, FLOORS, CEILINGS, OTHER 
AREAS EXPOSED TO RADIATION 

A modified phenolic material providing 
tight sealing, high film buildup with 
fewer coats. Excellent bond to concrete. 
Coating surface is smooth and slick for 
easy wash-down. 


POLYCLAD SYSTEM 


A 3-coat all-vinyl high-build 
Vinyl strip coats also available. 


system. 


The Carboline Co. maintains a specialized nu- 
clear department for technical assistance in the 
atomic energy field. Write today for complete 
information, technical data and specifications on 
Carboline protective coating systems for reactor 
facilities. Carboline also offers systems for nu- 
clear processing plants. 


32-P Hanley Industrial Ct. 
St. Lovis 17, Mo. 








SPECIALISTS in 
| 


GRAPHITE 


for 


NUCLEAR APPLICATIONS 


necro QO DIVISION 
® 








GREAT LAKES CARBON CORPORATION 


18 EAST 48TH STREET, NEW YORK 17, N.Y. - 


OFFICES IN PRINCIPAL CITIES 














MODEL 412 MERCURY RELAY 
PRECISION SLIDING PULSER 
for Precise Calibration of Single 
& Multi-Channel 


Pulse Height Analyzers 


AUTOMATICALLY 
10 x MORE 

> ae ACCURATELY 
Using Principle of 40 X FASTER THAN 
Constant Angular CONVENTIONAL 
Velocity PULSERS 


Incorporates 
Both Manual 
Control and 
Precision 
Motor Drive 


Determines Window 


Widths 


Simulates Pulses 
from Scintillation 
Proportional, or 
Geiger Counters 


MERCURY PULSER, Model 401 
Featuring Versatility and Precision 


~_ 





SPECIFICALLY i saree 
DESIGNED ("SU Simro 


for the @: 
»@ 


NUCLEAR j 
ber were 4 


PHYSICS 
LABORATORY 

FAST RISE AND EXPONENTIAL DECAY 
SIMULATES SCINTILLATION, PROPOR 
TIONAL OR GEIGER COUNTER PULSES 
FOR TEST AND CALIBRATION OF AMPLI- 
FIERS PULSE HEIGHT ANALYZERS, 
SCALERS, ETC 


|Model 412 $450.00 
|Model 401 $125.00 


Radiation Instrument Co. 
P. O. Box 733 


&» a 
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DELTA CHEMICAL WORKS, Inc. 
23 West 60th St New York 23 WN. Y, 


Plaza 7 
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MODEL 49-21 & 


MODEL 49-2 


Now—the most complete line of scal- 
ers ever offered by any manufacturer. 
The units shown are just a few of the 
more than thirty different scalers 
manufactured by RIDL. From conven- 
tional vacuum tube units to completely 
transistorized models — from simple 
utility scalers to fully automated print- 
ing scaler systems, these are all 
STANDARD items, available in most 
cases from stock. 


@ Preset Count Scalers 

@ Preset Time Scalers 

@ Time Scalers 

®@ Printing Scalers 

®@ Dual Scalers 

®@ Triple Scalers 

@ 1 Millivolt Sensitivity Scalers 

@ Scalers with High Voltage 
Supplies 

These are just some of the features 

available in RIDL Scalers. 





MODEL 49-54 


REMEMBER, whatever your scaler requirements may be, RIDL has the solution. 
Our staff is always available to answer your inquiries. Write today for com- 
plete information. 


eoeg i 
Ke ailiation a nitrument 


Devel lab y 
eve opment a boralory, ~/7hIC. 


5737 S. Halsted St., Chicago 21, Ill. * TRiangle 3-2345 


Representatives in major cities 
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CONVENTIONAL 


Kaiser Engineers can design and build your power 
plant quickly, economically. 


A 475,000 KW power plant in Louisiana. America’s 
Engineering Test Reactor in Idaho. A 100,000 KW 
industrial steam power plant in Pennsylvania. The en- 
gineering study for the AEC’s Gas Cooled Graphite 
Moderated Power Reactor. A $10,000,000 dual- 
purpose process steam and power plant. New nuclear 
development projects in Europe, Asia and Latin Am- 
erica. This is Experience—electric power from both 
nuclear and fossil fuels. To which Kaiser Engineers 
couples Ingenuity to pioneer, to develop new methods, 
to achieve efficient plants quickly, at low cost. For 
ene experience, ingenuity, and a cost conscious approach, 


960,000 pounds/hour steam generator plant producing 


process steam, compressed air and 31,250 KW of elec- ; 
tricity for alumina plant. Designed and built by KE. call or write KE. Today. 


Kaiser i i 
ewomeerns KAISER ENGINEERS “Sitrcctncsmceisia 


Division of Henry J. Kaiser Company « Oakland 12, Californias New York, Pittsburgh, Washington, 0.C., 


Buenos Aires, Caicutta, Montreal, Rio de Janeiro, Sydney, Tokyo 
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Graphite Reflector For a Test Reacto 


_Properties of “National” Nuclear Graphite UNMATCHED AS A MODERATOR, 
coool Mh. REFLECTOR AND STRUCTURAL MATERIAL 


Graphite | Graphite 








Atomic Weight 12.011 | 12.011 Since its initial use in the first atomic reactor at Stagg Field, 
Density g/cm* 1.70 1.70 University of Chicago, “National” Nuclear Graphite has been 








the preferred choice as a moderator and reflector material. Now, 
with the demand for higher operating temperatures to provide 
increased thermal efficiencies, graphite offers even greater advan- 
Microscopic scattering tages because of its unique high temperature properties. 

cross section (barns) * . 5.09 Why has this outstanding structural material become the favor- 
Macroscopic absorption ite of the nuclear industry? Because of its low atomic weight. . . 

cross section (cm' x 10°) 33.67 its extremely high purity ...its low neutron absorption. . . its 
ability to gain strength as temperature increases... plus the fact 


macroscopre aay teat tae that it can be easily machined to intricate shapes and extremely 
cross section (cm') 0.432 


Microscopic absorption 
cross section (millibarns)* | 4.50 3.95 











close tolerances. 

Average logarithmic energy Whatever your needs . . . a moderator, reflector, thermal column, 
decrement per collision 0.158 fuel element concepts, control rods, molds, crucibles . . . remember 

SLOWING DOWN POWER 0.0684 that no other material today has so many useful nuclear properties 

as does “National” Nuclear Graphite. 











MODERATING RATIO 203 
REFLECTING RATIO 1285 
DIFFUSION LENGTH 49 52 

Write today for 


*at 2200 meters/sec . “New 8-Page Brochure 
Table shows excellent nuclear properties of ‘‘National” ‘National’ Nuclear Graphite” 
Nuclear Graphite. In addition, it is a structural material 2s 
with superior high temperature properties. Se - Cliffe). 


oF Ni d=iie) = 























“National’’ and ‘‘Union Carbide’’ are registered trade-marks of Union Carbide Corporation 
NATIONAL CARBON COMPANY . Division of Union Carbide Corporation - 30 East 42nd Street, New York 17, N.Y. 
SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco « IN CANADA: Union Carbide Canada Limited, Toronto 


